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Chapitre I.  Diagnostic et symptomatologie de 
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1.  Atteintes caractéristiques d’une MA 
1. 1.   Marqueurs anatomo-pathologiques 
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1. 2.   Atteintes cognitives  
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1. 3.   Atteintes comportementales  
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3.  Précision du diagnostic : Enjeu central dans la MA 
3. 1.   Amélioration du diagnostic de la MA via les marqueurs 
physiopathologiques 
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3. 2.   Amélioration du diagnostic de la MA via les examens de 
neuroimagerie 
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4.  Problématique 
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Chapitre II.  Atteinte anatomique de l’amygdale 
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2.  Effet de la pathologie de type « Alzheimer » sur 
l’atteinte anatomique amygdalienne 
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2. 1.   Précocité de l’atteinte amygdalienne dans la MA 
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2. 2.   Méthodologie employée en volumétrie structurelle 
2. 2. 1. Principes généraux 
$.#/1'&&.()%#8%#)+.=/#=.9(,0'31%#)*1-.==%(0#10'2'&,%#%(#QR>#)2'('31%#%&0#8%#SCT#G%&2.#*1#
!#G%&2.C#*<<-.(0#1(%#-,&*210'*(#&/.0'.2%#&1<<'&.(0%#/*1-#&%9=%(0%-#24.=L98.2%:#;%/%(8.(0C#M#)%00%#
6.2%1-# 8%# )+.=/C# 2%&# 8'<<,-%(0&# (*L.15# )*=/*&.(0&# )%00%# &0-1)01-%# (%# &*(0# /.&# 8'&0'(91.72%&#
@%5%=/2%# U'91-%# SDC# /.9%# VVF:# ;%# (4%&0# 314M# 8%&# 6.2%1-&# 8%# )+.=/#8%# W# G%&2.C# 31%# 2%&# (*L.15#
.=L98.2'%(&#&*(0#'8%(0'<'.72%&#@X*2.(*P;.&0'%22.#%0#.2:C#DESSF:#;%#('6%.1#8%#/-,)'&'*(#(4%&0#8*()#
/.&# .00%'(0# 8.(&# 2%# ).&# 8%&# %5.=%(&# )2'('31%&# 8%# /.0'%(0&# Y#?2Z+%'=%-#[C# 31'# 10'2'&%# 24'=.9%-'%#





/%-0%# 6*21='31%# .=L98.2'%((%# /-,)*)%C# .6*'&'(.(0# 1(%# 6.2%1-# =*L%((%# 8%# D!CS\C# ;%00%#
/%-0%# %&0# ,31'6.2%(0%# M# )%22%# -.//*-0,%# 8.(&# 24+'//*).=/%# 31'# %&0# 8%# D!CV\:# Q2# &%=72%#
(,.(=*'(&# 31%# 2.# /%-0%# 6*21='31%# 8%&# 8%15# &0-1)01-%&# (%# &1'0# /.&# 2.# =]=%# ,6*210'*(# %(#
<*()0'*(# 81# 8%9-,# 8%# &,6,-'0,# 8%# 2.# =.2.8'%:# O*1&# .6*(&# 8*()# ='&# %(# 21='K-%# 24'(0,-]0#
8'.9(*&0'31%# 31%# /-,&%(0%# 24,6.21.0'*(# 8%# 24.00%'(0%# .=L98.2'%((%# 8.(&# 2.# >?# /.-# 2%# <.'0#
314%22%# &%# =.('<%&0%# /.-# @SF# 1(%# 8'<<,-%()%# &'9('<').0'6%# @%(0-%# /*/12.0'*(# ^9,%# &.'(%# %0#
?2Z+%'=%-F#8%#6*21=%#8.(&#JS\#8%&#).&#@DS#,018%&#&1-#D!FC#@DF#1(%#.//.-'0'*(#0-K&#/-,)*)%#
8K&# 2%&#&0.8%&#Y#2,9%-&#[#@)*(*+%;_R#ECTFC# @!F#1(%#<*-)%#84.0-*/+'%#,31'6.2%(0%#M#)%22%#/-,&%(0%#
















*4# &,=5# V"""W# X3&-/5# QRVQW# G&J&0# *4# P&00*35# QRR"C=# M*44*# +1--1(',47# 0*9/6*# 3/4&88*34# 6'0#
,<1+*341-1(&41/3#+*#O&01&41/36#+*#,<134*36147#+'#61%3&,#&'#6*13#+'#(/89,*U*#&3&4/81?'*=#Y3#*--*45#*3#
4*08*6# +<134*36147# +'# 61%3&,5# (*,'1K(1# O&# -13&,*8*34# 40.6# 9*'# O&01*0# 9'16?'*# ,*6# 640'(4'0*6#
&O/1613&34*6#+*#,<&8D%+&,*#6/34#*,,*6#&'661#(/89/67*6#+*#8&41.0*#%016*5#(*#9)73/8.3*#9/'O&34#
*3%*3+0*0# +*6# *00*'06# +*# 6*%8*34&41/36=# $13615# ,<7,&@/0&41/3# +*# 90/4/(/,*# +*# +7,1814&41/3# +*#
,<&8D%+&,*#&#(/36414'7#'3#O7014&@,*#()&,,*3%*5#(*(1#6*#0*-,.4*#9&0# ,*#%0&3+#3/8@0*#+*#874)/+*6#
9*08*44&34# '3*# 4*,,*# 6*%8*34&41/3=# T,# *3# 076',4*# ?'*# ,&# 0*()*0()*# Z[JLYS# A*3# \7O01*0# QRV!5#
8/46# (,*-6#H# ]#$8D%+&,*#^# _*%8*34&41/3#^#L>TC# -&14# 0*66/0410# '3*# (*34&13*#+<&041(,*6#+1--70*346#
6<13470*66&34# ;# (*44*# ?'*641/3=# Z&081# ,*6# &990/()*6# '41,167*65# ,&# 6*%8*34&41/3#8&3'*,,*5# 6*81K
&'4/8&41?'*#*4#&'4/8&41?'*#6/34#(/'0&88*34#'41,167*6=#$#,<)*'0*#&(4'*,,*5#,*#O7014&@,*#()&,,*3%*#
+&36#,*6#874)/+*6#+*#6*%8*34&41/3#+*#07%1/36#134*03*6#&'661#9*414*#?'*#,<&8D%+&,*5#0*9/6*#6'0#











*&# 45*# 9*22*(:9-# 7*56*'&# &1+%-0'*/# )*# )-;;1/*'9*(# *'# &*/+*(# )*# ;%/9*# )<,&&*-'&*# ,+=0),2-*''*#
),'(#2,#>?@#A,#7*/&*#'*5/%',2*#%B(*/61*#7*5&#)%'9#%(9-22*/#)*#CD#E#FGH#I/*;2*&#)*(#)-;;1/*'&*(#





,5&%+,&-45*3# )*(# 6,/-,B2*(# +1&8%)%2%0-45*(# 7*56*'&# -';25*'9*/# 2*# 6%25+*# ;-',2# /,77%/&1#
IS/-*/2*=# *&# ,2@3# P""PM@# #R,/+-# 9*(# 6,/-,B2*(3# (%'&# /,77%/&1(# )*(# ;,9&*5/(# 2-1(# E# 2,# (145*'9*#
)<,945-(-&-%'# )*# 2<-+,0*# ,',&%+-45*# I+,-,.# 17,-((*5/# )*# 9%57*M3# ,5T# &/,-&*+*'&(# *;;*9&51(# (5/#
9*&&*#-+,0*#,6,'&#)*#;,-/*#2,#(*0+*'&,&-%'#7/%7/*+*'&#)-&*#I+,-,.#5&-2-(,&-%'#)<5'#,U5(&*+*'&#)*#
9%'&/,(&*# 7%5/# ;,9-2-&*/# 2,# )12-+-&,&-%'3# &=7*# )*# '%/+,2-(,&-%'# *;;*9&51M# *&# E# 2<16,25,&-%'# )5#
6%25+*# *'# 45*(&-%'# I+,-,.# &=7*# )*# 7/%&%9%2*# 5&-2-(13# ;-,B-2-&13# 9%//*9&-%'# %5# '%'# 7,/# 2*# 6%25+*#
91/1B/,2# &%&,2M# IS/-*/2*=# *&# ,2@3# P""PV# W*5X*# *&# ,2@3# P""DM@# Y'# 7,/&-952-*/3# 2%/(# )<,',2=(*(#
6%25+1&/-45*(3#-2#*(&#*((*'&-*2#)*#9%'(-)1/*/#2*#6%25+*#91/1B/,2#&%&,2#)*(#-')-6-)5(#75-(45<-2#,#1&1#
+%'&/1#45*#2*#6%25+*#)*#2<,+=0),2*#9%//.2*#;%/&*+*'&#,6*9#2*#6%25+*#91/1B/,2#&%&,2#IZ%'6-&#*&#
,2@3# CQQQM@# R,/# 9%'(145*'&3# -2# *(&# -')-(7*'(,B2*# )*#7/*')/*# *'# 9%+7&*# 9*&&*#+*(5/*# 2%/(45*# 2*#




$%5(# 7/%7%(%'(# )*# 7/1(*'&*/# ),'(# 2,# 7/%98,-'*# 7,/&-*# 2*(# )-;;1/*'&*(# ,77/%98*(# 5&-2-(1*(#
2%/(# )*# 2,# (*0+*'&,&-%'# '*5/%:,',&%+-45*@# R,/+-# 9*(# ,77/%98*(3# '%5(# )1&,-22*/%'(# 2,#
(*0+*'&,&-%'#+,'5*22*#*&#,5&%+,&-45*3#*'#(%52-0','&#2*(#,6,'&,0*(#*&#-'9%'61'-*'&(#)*#98,95'*#
)*#9*(#+1&8%)*(@#
2. 2. 2. Méthodes utilisées en segmentation manuelle 
Z%++*# 7/19-(1# 725(# 8,5&3# 2,# (*0+*'&,&-%'# +,'5*22*# *'# JK># /*7/1(*'&*# 2,# /1;1/*'9*3#
&%5&*;%-(# -2# *(&# -+7%/&,'&# )*# (%52-0'*/# 45*# )*(# *//*5/(# *'# &*/+*(# )*# U5(&*((*# *&# ;-,B-2-&1#
(5/6-*''*'&#),'(#9*/&,-'(#7/%&%9%2*(#5&-2-(,'&#9*#&=7*#)*#+1&8%)*@#
A%/(# )*# (*0+*'&,&-%'(# '*5/%:,',&%+-45*(3# )*(# 6,/-,B2*(# +1&8%)%2%0-45*(# 7*56*'&#
-';25*'9*/# 2*# 6%25+*# ;-',2# /,77%/&1# )*# 2<-')-6-)53# *&# 7,/# 9%'(145*'&3# *'# +%=*''*# (5/# 2*#




$%&'# ()*+# +),*)-# .+/)0()1# )2# 34((%54+%2)*+'# 678879# 4&2# ):%;/&<# ()'# ;<2=4>)'# >)#
><(/;/2%2/4&'#;%&*)(()'#>)#"!?"#@%/+)'#>A%;1B>%()#)CC)32*<)'#3=)D#>)'#'*E)2'#'%/&'#>)#24*2#FB)G#
H)'# ;<2=4>)'# 4&2# <B%();)&2# <2<# 3)(()'# *2/(/'<)'# >%&'# ()'# <2*>)'# ):@4'<)'# >%&'# ()# I%5()%*# J#
'A/&2<+)''%&2#%*#,4(*;)#>)#(A%;1B>%()#>%&'#(%#KLG#M%#+),*)#>)#.+/)+()1#)2#34((%54+%2)*+'#678879-#
;4&2+)#*&)#=<2<+4B<&</2<#>)'#,4(*;)'#+%@@4+2<'#)&#C4&32/4&#>)#(A%&&<)#>)#+<%(/'%2/4&#>)#(A<2*>)#
6N/B*+)# "89G# O&# @%+2/3*(/)+-# )&2+)# "??7# )2# "???-# ()'# @+42434()'# ><(/;/2%&2# ()# ,4(*;)# >)#
(A%;1B>%()# ');5()&2# '*+)'2/;<'# '%# 2%/(()# 34;@%+%2/,);)&2# %*:# %&&<)'# 7888G# M)'# @+42434()'#
*2/(/'<'# >)# "??7# P# "???# 34&3)+&)&2# "7# <2*>)'# >*# I%5()%*# J-# '4/2# Q8R#>)'# <2*>)'G# .+/)+()1# )2#
34((%54+%2)*+'#678879#4&2#@%+#%/(()*+'#;)'*+<#*&#/&>/3)#>)#S*%(/2<#>)#(A<2*>)G#H)22)#/&>/3)#+)@4')#
'*+#*&)#;)'*+)#>)#(%#C/%5/(/2<#P#>)*:#&/,)%*:#T#(%#C/%5/(/2<#/&2)+#6/&>/3)#34;@%+%2/C#)&2+)#@(*'/)*+'#
,%()*+'# 452)&*)'# @%+# @(*'/)*+'# ):@<+/;)&2%2)*+'# S*/# ')B;)&2)&2# (%# ;U;)# '2+*32*+)# 3=)D# ()#
;U;)# /&>/,/>*9# )2# (%# C/%5/(/2<# /&2+%#6/&>/3)# 34;@%+%2/C# )&2+)# @(*'/)*+'# ,%()*+'# >)# ,4(*;)# >)#
(A%;1B>%()# 452)&*)'# 3=)D# ()# ;U;)# /&>/,/>*# )2# C%/2)'# @%+# ()# ;U;)# ):@<+/;)&2%2)*+9G# V)(4&#
(A<2*>)#>)#.+/)+()1#)2#34((%54+%2)*+'#678879-#(%#S*%(/2<#>*#@+42434()#')+%/2#/&,)+');)&2#+)(/<)#%*#
,4(*;)#>)#(A%;1B>%()#+%@@4+2<G#L/&'/-#@(*'#()#@+42434()#>)#')B;)&2%2/4&#)'2#+/B4*+)*:#)&#2)+;)'#
>)# C/%5/(/2<# /&2)+W# )2# /&2+%W# 6+)'@)32/,);)&2# >A*&# ):@<+/;)&2%2)*+# P# (A%*2+)# 4*# >A*&)#
')B;)&2%2/4&#P# (A%*2+)9#@(*'# ()# ,4(*;)#>)# (A%;1B>%()#>),+%/2# U2+)#@)2/2G# M)'# %*2)*+'# '*BBX+)&2#
S*)# (A=<2<+4B<&</2<# ')(4&# ()'# <2*>)'# ')+%/2# @(*'# (/<)# %*:# C%32)*+'#;<2=4>4(4B/S*)'# @+4@+)'# %*#
@+42434()# >)# ')B;)&2%2/4&# S*A%*:# ,%+/%5/(/2<'# /&>/,/>*)(()'# (/<)'# %*:# '*E)2'# 6.+/)+()1# )2# %(G-#
78879G#Y%+;/#3)'#C%32)*+'#;<2=4>4(4B/S*)'-#4*2+)#(%#C/%5/(/2<#,/'WPW,/'#>)'#):@<+/;)&2%2)*+'-#/(#%#
<2<#;/'#)&#<,/>)&3)#S*)#()'#3+/2X+)'#>)#><(/;/2%2/4&#*2/(/'<'#@%+#Z%2'4&#)2#34((%54+%2)*+'#6"??79#
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8)# 90:%;&)# <+23# 3<'.%=%>2)?# 2:)# ()3# (%==%.2+-'3# ):# 3)@9):-0-%/:# 90:2)++)# &'3%()# (0:3# +0#
('=%:%-%/:#()#+0#+%9%-)#A%<</.09</B09,@(0+%)::)#):#<0&-%)#0:-'&%)2&)7#C)--)#-D.A)#./9<+)E)#)3-#
&)=+'-')# <0&# +)# @&0:(# :/91&)# (F'-2()3# 4GH# &'<)&-/&%')36# <&/</30:-# ()3# <&/-/./+)3# ()#
('+%9%-0-%/:# 02# :%I)02# ()# .)--)# <0&-%)# 0:-'&%)2&)# >2%# 3/:-# <&'3):-'3# (0:3# +)3# (/::')3#
32<<+'9):-0%&)3# ()# J/:&0(# )-# 3/:# '>2%<)# 4"55K67# L+23%)2&3# 0<<&/.A)3# 3/:-# 2-%+%3')37# M0#
<&)9%;&)#./:3%3-)#N#('+%9%-)&#+F09,@(0+)#32&#+0#103)#()#./2<)3#0:0-/9%>2)3#32&#+)#<+0:#./&/:0+?#
<0&-%.2+%;&)9):-# <)&-%:):-)3# <2%3>2F)++)3# <)&9)--):-# 2:)# 1/::)# I%3%1%+%-'# ()# +F0+I)23?# .F)3-BNB
(%&)?# +0# ('90&.0-%/:# A%<</.09<%>2)O09,@(0+%)::)# 4M00P3/# )-# 0+7?# HKKQ067# C)<):(0:-?# ):#
=/:.-%/:#()#+0#I%3%1%+%-'#()#+F0+I'23#32&#+)3#<+0:3#()#./2<)3#./&/:0+)3?#()3#)&&)2&3#()#('+%9%-0-%/:#
):-&)# .)3# ()2E# 3-&2.-2&)3# <)2I):-# =&'>2)99):-# 32&I):%&# 4C/:I%-# )-# 0+7?# HKKK67# M0# ()2E%;9)#
./:3%3-)# N# 2-%+%3)&?# %:('<):(099):-# (2# <+0:# 0:0-/9%>2)?# )-# ./99)# &'='&):.)?# +)3# %:(%.)3#
0:0-/9%>2)3#(F02-&)3#3-&2.-2&)3#I/%3%:)3#</2&#('.%()&#()#+0#./2<)#>2%#%:%-%)&0#)-O/2#90&>2)&0#
+0# =%:#(F0<<0&%-%/:#()# +F09,@(0+)# 4R0.P#)-# 0+7?# HKKGS#J&0323P%# )-# 0+7?# HKKTS#M)A'&%.,#)-# 0+7?# HKK!S#
U0-3/:#)-#0+7?#HKK"67#V%:3%?#):#=/:.-%/:#()#+0#I%3%1%+%-'#()#+F0+I)23?#+)3#<&/-/./+)3#()#3)@9):-0-%/:#
I/:-# 3)# ./9<+)E%=%)&# 0I).# .)&-0%:3# 02-)2&3# >2%# <&'./:%3)&/:-# +F2-%+%30-%/:# ()# :/2I)02E# %:(%.)3#
0:0-/9%>2)37#W:)#I0&%01%+%-'#32&I%):-#):#-)&9)3#(F%:(%.)3#2-%+%3'3#X#.)&-0%:3#02-)2&3#2-%+%3)&/:-#+0#






?;B-13#(;'?A;-# '$#0%-<'?1-#(+?#;0-#(+>@+'1-#;0'@)>,'19#+0+1),'A;-#+;#?-'0#:-# $+#()(;$+1')0# .!"#"$%
8+>'+C'$'19# '01->'0:'8':;-$$-62#D-(-0:+013#;0# *->1+'0#+8+01+E-# >9?':-#:+0?# $%;1'$'?+1')0#:%'0:'*-?#
-<1->0-?# F# $+# ?1>;*1;>-# +,GE:+$'-00-3# -0# (+>1'*;$'-># $%;1'$'?+1')0# +0+1),'A;-# :-?# :'@@9>-01-?#
@)>,-?#&'(()*+,('A;-?#?%+8=>-#;1'$-#:+0?#$+#?-E,-01+1')0#:-#$%+,GE:+$-2#H0#-@@-13#$%&'(()*+,(-#
?-$)0# $-?# :'@@9>-01-?# *);(-?# *)>)0+$-?# ()??=:-# :-?# @)>,-?# 1>=?# *+>+*19>'?1'A;-?3# @+*'$'1+01#
A;-$A;-#(-;#$+#?-E,-01+1')0#:-#$%+,GE:+$-#.I'E;>-#JJ6#./'-,+00#-1#+$23#455562#K-$)0#$-?#+;1-;>?3#
$%&'(()*+,(-# ?-# :'@@9>-0*'-# -0# !# @)>,-?# ?-$)0# $%+<-# +019>)L()?19>'-;># +((+>-019-?#
>-?(-*1'8-,-01#F#.J6#:-?#@)>,-?#:-#M#C)),->+0E#N#.I'E;>-#JJ+63#.46#M#$+('0#N3#.I'E;>-#JJC63#."6#
M#$;0-11-?#N#.I'E;>-#JJ*63#);#-0*)>-#.!6#M#-?*+>E)1#N#.I'E;>-#JJ:62#D%-?1#();>#$-?#*);(-?#*)>)0+$-?#







.J6# *)>0-# 1-,()>+$-# .46# +$89;?# ."6# +,GE:+$-# .!6# EG>;?# (+>+&'(()*+,('A;-# .O6# ?;C'*;$;,# .R6# ?*'??;>-# ;0*;?# .S6#














L4(-3%4(-(+7@" 0(;" 0399:4(+&(;" (+" 7(4-(;" 0(" &437%4(;" =73$3;:;" 0*+;" $(;" 54272&2$(;" 0("
;(/-(+7*732+"0A=+(" :7=0(" M" $A*=74(" ;2+7"=+(" ;2=4&("0(" I*43*732+"0="I2$=-(" 93+*$" 4*55247:1" H+"
5*473&=$3(4@" *=" +3I(*="0(" $*" N2+&732+"'3552&*-53<=(O*-./0*$3(++(@" 0:$3-37*732+" &4373<=(" 2P" $*"
I*$(=4"0="I2$=-("93+*$"5(=7" $*4/(-(+7"0:5(+04("0="54272&2$("=73$3;:"DQ43(4$(."(7"*$1@"EFFEG1"H+"
5$=;"0="+2-)4("0("54272&2$(;"=73$3;:;@" ;=4I3(+7"=+("&(47*3+(";=)N(&73I37:"0(" $A(R5:43-(+7*7(=4@"
5=3;<=(" $(;" 0:&3;32+;" <=A3$" &'23;34*" 0(" 54(+04(" 52=442+7" I*43(4" 0A=+" (R5(47" M" $A*=74(@" 52=I*+7"
(+74*3+(4" 0(;" :&*47;" 0(" I*$(=4;" ;=4" $(" I2$=-(" 93+*$1" J$" (;7" M" +27(4@" <=A*=" ;(3+" 0A=+" -S-("
54272&2$(@"=+"0(/4:"&244(&7"0A'2-2/:+:37:"(7"0("&2+;3;7*+&("*=";(3+"0(;"I2$=-(;"4*55247:;"5(=7"
S74("2)7(+=@"M"&2+03732+"<=A3$";A*/3;;("72=N2=4;"0="-S-("(R5:43-(+7*7(=4"<=3";(/-(+7("D93*)3$37:"
3+74*G1" T(5(+0*+7@" &(77(" 924&(" 5(=7" *=;;3" S74(" =+(" 9*3)$(;;(@" 0*+;" $*"-(;=4(" 2P" *=" &2=4;" 0(" $*"
;(/-(+7*732+@"3$"5(=7";=4I(+34"0(;">"0:43I(;"?"0("$A(R5:43-(+7*7(=4"<=3"I*"93+*$(-(+7"7:-23/+(4"
0(" 93+(;" 0399:4(+&(;" *=" +3I(*=" 0=" I2$=-(" 4*55247:1" U(=R3%-(-(+7@" $*" ;(/-(+7*732+" 0A=+("




*N2=7:("M" $A*=/-(+7*732+"0(" $*"7*3$$("0(;":&'*+73$$2+;"D<=3";2+7";=5:43(=4;"M"!F"0*+;" $(;":7=0(;"






$%&'(&)*+&# ,&# -&(# -.'/012'/&(# 1# -.',32/# +&(# 13/&30(# 4# -5&0-5&0# ,&(# )6/5.,&(# ,&#
(&7)&'/1/2.'# 8+3(# 13/.)1/2(6&(9# :301'/# +1# ,&0'2;0&# ,6-1,&<# ,&(# 80.70;(# (27'2=2-1/2=(# .'/# 6/6#
188.0/6(# &'# )1/2;0&# ,%1)6+2.01/2.'# ,3# -.>/# /&)8.0&+# &'# 2)8+6)&'/1'/# ,&(# )6/5.,&(# ,&#
(&7)&'/1/2.'#(&)2?13/.)1/2@3&#A.20&#13/.)1/2@3&9#B&(#)6/5.,&(#.'/#+%1A1'/17&#,%188.0/&0#3'&#
)6/5.,&# ,&# @31'/2=2-1/2.'# A.+3)6/02@3&# (/1*+&<# /.3/&=.2(# ).2'(# 1,18/1*+&# @3&#
+%&C8602)&'/1/&30# &==&-/31'/# 3'&# (&7)&'/1/2.'# )1'3&++&9# B&8&',1'/<# +%1)6+2.01/2.'# ,&(#
1+7.02/5)&(#1#8&0)2(#+%.*/&'/2.'#,&#80.-6,30&(#,&#(&7)&'/1/2.'#0.*3(/&(#&/#D#801/2@3&(#E#(30#+&#
8+1'#-+2'2@3&#(30#,&#+107&(#-.5.0/&(#,&#81/2&'/(9##
2. 2. 3. Méthodes utilisées en segmentation automatique 
$1# 80&)2;0&# )6/5.,&# +1# 8+3(# 0681',3&# -.'(2(/&# &'# +1# FGH# IF.C&+?G1(&,?H.085.)&/0JK9#
B&//&#/&-5'2@3&#,&#(&7)&'/1/2.'#0&8.(&#(30#+&(#A1021/2.'(#,%2'/&'(2/6#,&(#3'2/6(#6+6)&'/120&(#&'#
LMH<# @32# (.'/# +&(# A.C&+(<# 8.30# &(/2)&0# ,&(# ,2==60&'-&(# &'/0&#)1/2;0&# 702(&# &/# *+1'-5&# ,1'(# 3'#
&(81-&# (/606./1C2@3&#(/1',10,# IN(5*30'&0#&/#O02(/.'<#PQQQK9#$&(#1+7.02/5)&(#,&# (&7)&'/1/2.'#
A.'/#12'(2#,2A2(&0#+&#-&0A&13#&'#)1/2;0&#702(&<#*+1'-5&#&/#$BM#&'#1//02*31'/#4#-51@3&#A.C&+#3'&#
80.*1*2+2/6# ,%18810/&'1'-&# 4# -&(# /0.2(# /J8&(# ,&# /2((3(# (30# +1# *1(&# ,&# +%2'/&'(2/6# ,3# (27'1+9# R'#
/&0)&(# ,&# 06(3+/1/(<# &/# ,1'(# './0&# -1(# ,&# +%1'1+J(&# 1'1/.)2@3&# ,&# +%1)J7,1+&<# -%&(/# +1#




&++&# 8.((;,&# 3'# =.0/# ,&706# ,%13/.)1/2(1/2.'9# V.3/&=.2(<# +1# 80&)2;0&# +2)2/&# &(/# @3&# +%1'1+J(&#
-.)8101/2A&#,&# -&(# -10/&(# (/1/2(/2@3&(#'&#8&0)&/#81(#,%.*/&'20#3'&#A1+&30# 1*(.+3&#,3#A.+3)&#
1)J7,1+2&'#8.30#-51@3&#2',2A2,39#:&#8+3(<# +&(#A1021*2+2/6(#2'/&02',2A2,3&++&(#=2'&(#13#'2A&13#,3#
-&0A&13#I&'#/&0)&(#,&#=.0)&(#1'1/.)2@3&(K#'6-&((2/&'/# +1#'.0)1+2(1/2.'#,&(#,.''6&(#,1'(#3'#
&(81-&# (/606./1C2@3&<# 2)8+2@31'/# 810# +1# (32/&# 8+3(2&30(# 6/18&(# ,&# -.00&-/2.'(9# B&(# -.00&-/2.'(<#
*2&'# @3%1)6+2.01'/# +&# 0188.0/# (27'1+# (30# *032/<# A.'/# ,2)2'3&0# +1# 06(.+3/2.'# (81/21+&# -&# @32# &(/#
806S3,2-21*+&# &'# (&7)&'/1/2.'# 1'1/.)2@3&<# ,%13/1'/# 8+3(# 8.30# ,&# 8&/2/&(# 0672.'(# -606*01+&(#
IR-W&0/#&/#1+9<#PQQXY#Z&'S&)#&/#1+9<#PQQ"K9#R'(32/&<#+1#-.00&(8.',1'-&#&'/0&#+&(#A1+&30(#,&#A.+3)&#
R'# -.'-+3(2.'<# +&(# 80./.-.+&(# ,&# (&7)&'/1/2.'# )1'3&++&# -.301))&'/# 3/2+2(6(# .'/# 83#
806(&'/&0#@3&+@3&(#+2)2/&(#&'#/&0)&(#,&#S3(/&((&#&/#=21*2+2/6#,1'(#+&#(&'(#.[#2+#&C2(/&012/#3'&#
(30&(/2)1/2.'# ,3# A.+3)&# 0188.0/69# $1# (&7)&'/1/2.'# )1'3&++&# ,&# +%1)J7,1+&# &(/#
-.)8+6)&'/120&#4#-&++&#,&# +%5288.-1)8&9#V.3/&=.2(<# +1#A1+&30#,3#A.+3)&#,&# +%1)J7,1+&#8&3/#





452:25.%,'# 0-)&/,/*'5# ='*# 0')># &'=3(/?)'*# =$(@$/(&'1'(&# AB/),/.(/# '&# .,;C# DEEFG# H)%/=I/# '&# .,;C#
DEEDG# J'*&.# '&# .,;C# DEE!G# J/**'5.(0# '&# .,;C# DEEDK;# L(# 4.5&/=),/'5C# /,# '*&# 452=$(/*2# 0-)&/,/*'5# '(#





P-.)&5'*# 12&3$0'*# &',,'*# ?)'# ,.# *'91'(&.&/$(# *'1/S.)&$1.&/?)'# 4$)55./'(&# T&5'# )(#
=$145$1/*;#U'&&'#.445$=3'#(2='**/&'#&$)&':$/*#)('#02,/1/&.&/$(#1.()',,'#452.,.%,';#U$14.52'#+#
,.# *'91'(&.&/$(# 4)5'1'(&#1.()',,'C# ,'*# 0/::25'(='*# /(&'5S'>425/1'(&.&')5*# *$(&# 520)/&'*C# =.5#
1T1'#*-/,#M#.#0'*#0/::25'(='*#.)#(/N'.)#0'#,.#*'91'(&.&/$(#1.()',,'C#,'*#.,9$5/&31'*#.44,/?)2*#
N$(&#&'(05'#'(*)/&'#N'5*#)(#1T1'#52*),&.&;#U'4'(0.(&C# ,'#=$R&#4$)5# ,-'>425/1'(&.&')5#'*&#&$)&#
0'# 1T1'# :$5&'1'(&# 024'(0.(&# 0)# ($1%5'# 0'# *)@'&*# '&# 0'# 529/$(*# =252%5.,'*# =$(*/0252'*# !"
#$%&$%'"#U'*#2,21'(&*#($)*#$(&#.1'(2#+#2=.5&'5#='&&'#$4&/$(#0-.(.,M*';#
P.(*# ($&5'# &5.N./,C# ($)*# ($)*# *$11'*# 4'(=32*# *)5# )('# *'91'(&.&/$(# 4)5'1'(&#
.)&$1.&/?)';# U'4'(0.(&C# ,+# '(=$5'C# ,'*# /(N'*&/9.&')5*# 0'# N$,)1'*# =252%5.)># 4.5# .445$=3'#
52*$,)1'(&# .)&$1.&/?)'#$(&#4,)*/')5*# *$,)&/$(*;# V.#45'1/Q5'# '*&#0'# &5.N./,,'5#0.(*#)(#'*4.='#
=$11)(C# $W# /,# '*&# (2='**./5'# 0'# ($51.,/*'5# ,'*# /1.9'*# 0.(*# )(# '*4.='# 0'# 52:25'(='# A%'(')"
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2. 3.   Corrélats cognitifs de l’atteinte anatomique amygdalienne 
dans la MA 
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2. 4.   Etude 1 : Etude anatomique portant sur l’atteinte du volume 
de l’amygdale chez les patients atteints de la MA. 
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Current  research  suggests  that  the  assessment  of  amygdalar  volumes  in  patients  with 
????????????????????????????????????????????????????????????????????????????????????However, 
the  findings  remain  somewhat  inconclusive  and  controversial,  partly  because  the  studies  did 
not  focus  on  earliest  stage  of  the  disease  and  have  often  neglected  to  control  classical 
hippocampus  atrophy  in  the  assessment  of  correlations  between  the  amygdalar  volume  and 
neuropsychological scores.  In this study, we measured amygdalar atrophy in 48 patients with 
AD and 82 healthy control subjects by using a multi­atlas procedure, MAPER. Hippocampal 
and  amygdalar  volumes,  normalized by  intracranial  volume, were  significantly  and  similarly 
reduced  in  patients  compared  to  healthy  controls.  Amygdalar  volume  loss  in  AD  predicted 
memory  impairment  after  controlling  for  age,  sex,  education,  and,  importantly,  for 
hippocampal  volume.  These  results  suggest  that  the  amygdala  may  be  as  useful  as  the 
hippocampus  for  distinguishing  AD  patients  from  healthy  subjects,  and  may  serve  as  an 











is  characterized  by  neuronal  loss,  first  affecting  the 
medial temporal lobe (MTL; (1, 2). In particular, sub­
regions  of  the  hippocampus  (3­6)  and  entorhinal 
cortex  (7)  undergo  massive  pathological  changes, 
leading  to  progressive  memory  impairment  (8­11). 
These studies have often suggested that hippocampal 
atrophy  is  the  best  neuroimaging­derived  marker  of 
disease  and  disease  progression.  However, 
hippocampal  atrophy  is  associated  with  a  range  of 
other  neurological  pathologies,  thus  limiting  its 
specificity  to  AD. With  advancements  in  automated 
volumetric  segmentation,  structures  that  were 
previously  very  difficult  to  assess  are  now  more 
reliably segmented and evaluated. This has led to the 
discovery  of  other  structures  that  undergo  massive 
change  throughout  the  course  of  dementia,  notably, 
other limbic structures closed to the hippocampus.  
Among  these  structures,  putative  changes  in 
amygdalar  volumes  have  received  a  growing 
attention  this  last  decade.    The  table  1  compiled 
studies focusing on amygdalar atrophy  in AD, along 
with  factors  that  could  modulate  (1)  magnitude  of 
???????? ??????? ???????????? ???????? ??? ???? ??????????????
characteristics  and  the  segmentation  procedure)  (2) 
the association with clinical feature (i.e., information 
related  to  correlation  analysis). We  further  compare 
amygdalar  volumes  in  AD  patients  compared  to 
healthy  controls  subjects  (HC),  with  respect  to  the 
between­group  (AD  vs.  HC)  differences  reported  in 
the  hippocampus.  Given  the  focus  on  amygdalar 
volume,  only  studies  presenting  at  least  separately 




comparison  to  healthy  elderly  subjects  as  we 
reviewed in Table 1 (4: Clinical Dementia Rating or 
CDR scores  ranging  from 0.5  to 3, 17: Mini Mental 
Score Examination or MMSE  ranging  from 5  to 21, 
18: MMSE ranging from 2 to 27, 19: MMSE ranging 
from  11  to  25).  This  suggests  that  considering  the 
amygdalar  volume  could  improve  the  diagnosis  of 
AD  compared  with  hippocampal  volumetry  alone 
(20).  However,  findings  are  more  contradictory  for 
earlier  stages  of  the  disease,  including  for  AD 
patients with mild  to moderate disease  (see Table 1, 
MMSE ranging from 13 to 29 or CDR ranging from 
0.5  to  1)  (4,  10,  19,  21­24),  and  this  calls  into 
question  the  importance  of  the  changes  in  the 
affective  part  of  the  limbic  system  for  these  early 




Variations  in  findings  may  result  from 
methodological  issues  surrounding  amygdalar 
segmentation. Due  to  its numerous cortical and sub­
cortical nuclei, its proximity to the hippocampus, and 
the  similarity  of  the  neighbouring  tissues,  the 
boundaries of  the amygdala are hard  to  identify  (29, 






a  control  population,  it  cannot  provide  the  absolute 
volume of the structure in an individual. The second 
technique uses manual segmentation of the amygdala 
on  MRI  (e.g.,  24,  27,  e.g.,  33,  34).  Although  this 
remains the gold standard, the choice of segmentation 
protocol  has  substantial  influence  on  the  measured 
volume  (29).  The  third  technique  consists  in  semi­
automatic  (18)  or  automatic  segmentation  of  the 
amygdala  and  hippocampus  (22)  based  on  single­
subject  digital  atlases.  However,  single­atlas 
techniques  do  not  sufficiently  take  into  account 
neuroanatomical variation between subjects, which in 
the  case  of  the  amygdala  is  particularly  large,  even 
within homogeneous groups of healthy subjects. The 
problem  can  be  addressed  by  probabilistic  seeding 
followed  by  region­growing  techniques  (35),  or  by 
using multiple  atlases  (36,  37).  In  combination with 
tissue­class  mapping  to  enhance  registration,  multi­
atlas  approaches  are  particularly  robust  to  changes 
typical  of  neurodegenerative  disease  (38,  39).  The 
first objective of this study was to perform amygdalar 
volumetry  in  mild  to  moderate  AD  patients,  using 
this  robust  multi­atlas  approach  (MAPER, 
Heckemann et al. 2010). 
Whether  damage  to  the  amygdala  corresponds 
with  disease  severity  is  a  matter  of  controversy  as 
reviewed  in  Table  1.  A  correlation  between  the 
magnitude  of  AD  pathological  changes  within  the 
amygdala  and  the  magnitude  of  cognitive 
impairments  has  sometimes  been  found  (5,  22,  23, 
33,  34),  while  other  studies  demonstrated  no  such 
association (21, 26, 27). In addition, these results are 
difficult  to  interpret because  the clinical significance 
of  amygdalar  atrophy  in  AD  was  estimated  using 
correlation  analysis  without  controlling  for 
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hippocampal  atrophy  (21,  26,  27,  33,  34,  40,  41). 
Considering  the  strong  functional  connectivity 
between  hippocampus  and  amygdala,  specifically  in 
the  context  of memory  (42,  43),  it  seems  especially 
important  to  correct  for  hippocampal  atrophy  when 
assessing  the  specificity  of  the  relationship  between 
amygdalar  atrophy  and  memory  decline  in  AD.  To 
date,  this kind of approach (7 studies  in  table 1)  has 
obtained  very  heterogeneous  results.  Furthermore, 
among  these  studies,  the  majority  of  them  has 
considered  together AD and controls populations  (4, 
10,  19,  23),  diminishing  the  sensibility  to  detect 
anatomical  and  functional  association  changing.  At 
last,  these  studies  have  often  investigated  the 
association  between  volumes  and  global  cognitive 
scores  (22,  34),  providing  gross  indication  in 
comparison  to  specific  batteries  assessing  each  of 
cognitive  functions  separately.  The  sensibility  to 
detect specific functional changes in association with 
anatomical  atrophy  is  then  reduced  when  global 
cognitive score are used.  
In  the  present  study,  we  used  automated 
measurements of in vivo human brain volume derived 






39).  It  uses  30  training  data  sets  ???????????? ???????
with expert manual  reference segmentations; 44, 45) 
to  segment T1­weighted brain MR  images. MAPER 
is  the  first  automatic  whole­brain  multi­region 
segmentation  method  that  has  been  shown  to  yield 
robust  results  in  subjects  with  neurodegenerative 
disease (39). The accuracy achieved with such multi­
atlas  segmentations  is  approximately  equivalent  to 
that  of  manual  segmentation  performed  by  trained 
operators  (36).  In  addition  to  comparing  volumes 
between groups, we explore how neuropsychological 
test  scores  correlate  with  either  amygdala  or 
hippocampus  volumes.  In  this  step,  our  goal  is  to 
assess whether amygdalar atrophy is a good predictor 
of  AD.  Consequently,  rather  than  using  tasks 
sensitive  to  amygdalar  atrophy, we  choose  to  assess 
the linearity of the relationships between the changes 
in  the  amygdalar  volume  and  typical  cognitive 
declines  assessed  by  classical  clinical  and 
neuropsychological scores.   
By  studying  amygdalar  atrophy  in  a  sample  of 
AD  patients  with  mild  cognitive  symptoms,  we 
sought  to  evaluate  the  potential  of  amygdalar 
morphometry  in  the  clinically  important  situation  of 
early disease (46, 47). Cognitive decline and memory 
loss  are  correlated  with  hippocampal  damage.  To 
determine  the  specificity of  the  relationship between 
amygdalar  atrophy  and  cognitive  functions,  we 
performed  multiple  regression  analysis  controlling 
for  both  demographical  data  and  hippocampal 
volume.  The  main  goal  of  this  analysis  was  to 




Between  October  2010  and  February  2012, 
patients with AD were recruited among patients with 
memory complaints consulting the Memory Center of 
the  Grenoble  University  Hospital,  France.  The 
diagnosis of probable AD was made according to the 
criteria  of  the  National  Institute  of  Neurological, 
Communicative  Disorders  and  Stroke  and  the 
???????????? ???????? ???? ???????? ??????????
Association  (NINCDS­ADRDA;  48).  All  patients 
were diagnosed after an extensive clinical evaluation 
including  a  detailed  history,  physical  and 
neurological  examination,  and  extensive 
neuropsychological  tests.  Only  persons  who  were 
more  than 60 years old  (mean age of  the AD group: 
75.3;  SD=5.7)  and  who  were  new  referrals  for  the 
evaluation  of  memory  complaints  were  included. 
Exclusion criteria were a current or past diagnosis of 
a  somatic,  psychiatric  or  neurological  disorder  such 
??? ???????? ????? ???????? ?????? ??????? ????????????
disease,  or  the  presence  of  hippocampal  seizure.  In 
addition,  subjects  with  findings  suggesting  another 
neurodegenerative  disease,  such  as  primary 
progressive aphasia, fronto­temporal dementia, Lewy 
body  dementia,  or  mixed  forms,  were  excluded.  A 
total  of  48  subjects  have  been  then  selected  for  our 
study (33 women and 15 men). Control subjects were 




ADNI was  launched  in 2003 by  the National  Institute on 
Aging (NIA), the National Institute of Biomedical Imaging 
and  Bioengineering  (NIBIB),  the  Food  and  Drug 
Administration  (FDA),  private  pharmaceutical  companies 
and  non­profit  organizations,  as  a  $60  million,  5­year 
public?private  partnership.  The  Principal  Investigator  of 
this  initiative  is  Michael  W.  Weiner,  M.D.,  VA  Medical 
Center  and University  of California  San Francisco. ADNI 
is  the  result  of  efforts  of  many  co­investigators  from  a 




control  subjects  (mean  age  76,2;  SD=5,1)  were 
compared  to  the  study  group.  Control  subjects  and 
patients  did  not  differ  in  terms  of  age  and  gender 
composition. 
2.2 Neuropsychological examination 
The  neuropsychological  examination  included 
several  tests,  all  of  them  standardized  for  French 
native  speakers,  assessing  (1)  global  cognitive 
functions (MMSE ; 49, French version: 50); (2) short 
term  memory  (digit  span  forward  and  backward  of 
the  WAIS  ;  51);  (3)  long  term  memory  (RL/RI16) 
(52),  which  is  a  word  learning  test  based  on  the 
selective  reminding  procedure  developed  by  Grober 
and Buschke (53); BEM 144­ figure learning (part of 
Memory  Performance  Battery  ­  BEM­144;  54); 
Doors  and  People  Test  (55));  (4)  language  abilities 
(Famous  Faces  Test,  which  is  an  unpublished  test 
designed  to  assess  recognition  and  naming  of  30 
monochrome  pictures  of  famous  faces;  Bachy­
Langedock  test,  in  which  subjects  have  to  name  36 
black­and­white  drawings  of  ordinary  objects; 
Irregular  word  writing,  in  which  subjects  have  to 
write  French  words  with  irregular  spelling;  (5) 





T1­weighted  3D  image  volumes  acquired  from 
healthy  young  adult  volunteers  at  the  National 
Society  for  Epilepsy  at  Chalfont,  UK  at  1.5  T. 
Detailed  subject  demographics  and  acquisition 
information  is  available  in  Gousias  et  al.,  (2008), 
Hammers  et  al.,  (2003)  and  Niemann  et  al.  (2000) 
(44,  45,  58).  Hand­drawn  segmentations  of  83 
structures  had  been  prepared  according  to  the 
protocols  described  in  these  reports  (44,  45,  58). 
Segmentation  protocols  are  also  available  at 
http://www.brain­development.org.  We  focused  on 
four  regions  of  interest:  the  hippocampus  and  the 
amygdala, each on the left and right. 
For  the  matched  control  subjects,  we  selected  the 
ADNI  1.5  T  screening  image  and  downloaded  the 
preprocessed  version  (B1  nonuniformity  correction, 




research  ?  approximately  200  cognitively  normal  older 




and  phantom  scaling)  as  recommended  by  ADNI. 
The  acquisition  parameters  are  available  in  Jack  et 
al., (59). 
MR  images  of  patients  were  acquired  on  a  1.5  T 
Achieva  MR  scanner  (Philips  Healthcare)  at 
Grenoble  University  Hospital,  using  a  whole­body 
RF  transmit  and  8­channel  head  receive  coils. 
Anatomical  studies  consisted  in  a  3D  gradient 
recalled  echo  T1­weighted  image  (TR:  8.1ms,  TE: 
3.8ms,  1x1x1.3  mm  voxel  matrix,  256 mm  field  of 
view, 100 contiguous slices).  
2.4 Preprocessing 
Additional  preprocessing  of  the MR  images was 
carried  out  to  determine  the  intracranial  volume 
(ICV)  and  to  obtain  tissue­class  probability  maps. 
ICV  masks  were  determined  for  the  control  group 
using  the  procedure  described  in  Heckemann  et  al., 
(2011)  (38).  As  this  procedure  relies  on  a  semi­
automatically generated white­and­grey matter mask, 
which  was  not  available  for  the  study  group,  we 
implemented  (38)  a  multi­atlas  label  propagation 
procedure  to  generate  ICV  masks:  a  given  study 
group  (target)  image  was  paired  with  each  ADNI 
image  and  registered  using  non  rigid  image 
registration.  The  resulting  masks  were  added  in  the 
space of  the  target and  thresholded at 50% to obtain 
an  intracranial  label  for  the  target.  The  labels  were 
visually  reviewed  for  accuracy,  and  the  threshold 
value modified to improve the ICV label if necessary. 
Probabilistic  tissue­class  maps  were  obtained  using 
FSL FAST (60). 
2.5 Segmentation 
The  MAPER  procedure  has  been  described  and 
validated  previously  in  AD  populations  (38,  39). 
Each  target  is  paired  with  each  of  the  30  atlases  to 
generate an individual atlas­based segmentation. This 
results  in  30  segmentations  for  each  target  images, 
which  are  subsequently  combined  using  vote­rule 
decision fusion (37, 61). 
2.6 Masking based on tissue class 
We  masked  all  regions  (hippocampus  and 
amygdala)  by  multiplication  with  a  binary  grey 
matter  label  generated  as  a  maximum  probability 
label  with  FSL  FAST  (60).  The  analysis  results 
reported  in  this work are based on  the masked  label 
sets. 
2.7 Visual and statistical analysis 
The  result  of  each  masked  hippocampal  and 
amygdalar  volume  in  every  target  subject  was 
visually  examined  by  an  expert  (RAH;  see  example 
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in  Fig.1).  Demographic  and  neuropsychological 
variables  were  compared  between  the  AD  and  HC 
groups  by  chi­square  tests  (categorical  variables)  or 
?????????? t  tests  (continuous  variables).  For  the 
volumetric  comparisons  between  groups,  statistical 
analysis  was  performed  on  the  volumes  normalized 
by  ICV.  The  normalized  volume  was  calculated  for 
each individual and each structure, and expressed as a 






].  Analysis  of  volumetric 
differences  between  the  AD  and  HC  groups 
(between­subject  factor)  was  performed  using  two 
within­subject  factors:  the  structure  volume  (ICV­
normalized  hippocampal  and  amygdalar  volumes) 
and  the  volume  laterality  (right:  R  and  left:  L). 
ANCOVA  (GLM)  was  then  used  with  volume  as 







differences  in  the  magnitude  of  the  amygdalar  and 
hippocampal volume loss, we additionally calculated 
an atrophy index for each structure. The magnitude of 
the volume loss  in AD patients  for  the hippocampus 
and  amygdala  was  calculated  as  follows:  [1­(AD 
subject  normalized  volume  /  HC  mean  normalized 
volume)] (22) and compared using ANCOVA (GLM) 
????? ?????????? ??? ??? ?????????? ??????? ????? ???
dependent  variables,  and  age,  sex,  and  education  as 
covariates.  To  survey  relationships  between  AD 
patients'  volumes  and  their  cognitive  scores,  we 
analyzed  first  whether  predictor  variables  (both 
hippocampal  and  amygdalar  ICV­normalized 
volumes  and  age,  sex,  education)  were  correlated, 
and  whether  they  were  correlated  with 
neuropsychological measures,  using  simple bivariate 
???????????????????????? r).  In a second step, we used 
multiple  linear  regressions  to determine whether AD 
?????????? ???????? ?????????? ???? ?????????? ???????
(dependent variables), considering the contribution of 






The  AD  and  HC  groups  did  not  differ 
significantly  with  respect  to  age  (AD  range:  64­87; 








education  (t(1,128)  =  ­10.6,  p  <  0.001).  MMSE 
scores of AD patients were as follows: Fourty­two of 
the 48 AD patients were at a mild stage (mean ± SD 
MMSE  score  23.5  ±  3.1,  range  19­29)  and  six  at  a 




A  significant  main  effect  of  structure  volume 
(F(1,125)  =  21.67;  p  <  0.001),  group  diagnosis 
(F(1,125)  =  131.7;  p  <  0.001)  and  a  significant 
interaction  of  structure  volume  *  group  diagnosis 
(F(1,125) = 16.01; p < 0.001) was observed. Planned 
contrasts  demonstrated  significant  group  differences 
for the hippocampus (F(1,125) = 93.4; p < 0.001) and 
amygdala  (F(1,125)  =  113.3;  p  <  0.001)  (Fig.  2), 
demonstrating that AD patients had both significantly 
lower  hippocampal  and  amygdalar  volumes 
compared  to  HC.  The  effects  of  age  (F(1,125)  = 
16.96; p < 0.001) and sex (F(1,125) = 5.41; p = 0.02) 
mean  that  volume  decreased  with  age  and  that 
women  had  larger  structure  volumes  than  men.  
Education  (F(1,125)  =  1.33;  p  =  0.24)  had  no 




 Multiple  regression  analysis  without  the  contribution  of 
demographical  data  of  age,  sex  and  education  were  also 
tested,  the  significance  of  the  predicted  hippocampus  and 
amygdala scores remained the same if they were considered 





Fig.  2:  Box  plot  of  the  normalized  hippocampal  and 
amygdalar volumes in AD patients and HC.  
Note. The center line shows the median, boxes capture the 
25%­75%  quantile  range,  whiskers  indicate  1.5 
interquartile  ranges.  The  ring  denotes  an  outlier. 
Normalized  volumes  represented  gray­matter  masked 





No  main  effect  of  volume  laterality  (F(1,125)  = 
1.84;  p  =  0.17),  volume  laterality  *  group  diagnosis 
(AD patients right volumes: mean ± SD 9.43 ± 2.84; 
AD  patients  left  volumes:  mean  ±  SD  8.95  ±  2.15; 
HC  right  volumes:  mean  ±  SD  12.36  ±  3.09;  HC 
patients  left  volumes:  mean  ±  SD  11.85  ±  2.32;  F 
(1,125)  =  1.15;  p=0.69)  and  structure  volume  * 
volume laterality * group diagnosis (F(1,128) = 0.56; 





To  assess  whether  the  magnitude  of  the  atrophy 
was  the  same  across  the  two  structures  in  the  AD 
population,  we  entered  the  magnitude  index  of  the 
(R+L)  hippocampal  and  (R+L)  amygdalar  volumes 
into  the  ANCOVA  analysis  controlling  for  age,  sex 
and  education.  The  results  demonstrated  no 
significant  effect  of  the  volume  magnitude 
(amygdalar volume loss: mean ± SD 25.4 % ± 11.5; 
hippocampal volume loss mean ± SD 23.2 % ± 14.2; 
F(1,  44)  =  2.29;  p  =  0.13,  representation  with 
percentage  in  Fig.  3).  The  magnitude  of  amygdalar 
volume  loss  in  AD  patients  was  thus  similar  to  the 
hippocampus  atrophy.  The  effect  of  age  (F(1,  44)  = 
5.27; p=0.02) but not sex (F(1, 44) = 1.92; p = 0.17) 






25%­75%  quantile  range,  whiskers  indicate  1.5 





Bivariate  correlations  indicated  that  the  AD 
?????????? ???­normalized  hippocampal  and 
amygdalar  volumes  were  strongly  and  positively 
correlated. The ICV­normalized hippocampal volume 
of  AD  patients  was  also  negatively  correlated  with 
age (Table 3). MMSE scores were strongly associated 
with  gender  and  level  of  education,  indicating  that 
higher  scores of MMSE were  related  to higher  level 
of education and that females tended to obtain better 
scores  than males. Significant correlations were also 
found  between  memory  scores  and  amygdalar 
volumes,  whereas  language  abilities  (naming  of 
famous  faces  and  irregular  word writing  tests)  were 
correlated with hippocampal volume (Table 3). 
Multiple  linear  regression analysis  (Table 4) was 
performed  to  determine whether  in AD patients,  the 
volumes  of  each  structure  were  predictors  of 
cognitive  declines.  Age,  sex  and  education  were 
additionally entered as covariates  into  the  regression 
model. Amygdalar volume was associated with word 
learning  performance  on  the  Grober  &  Buschke 
memory  test  after  control  for  demographic  variables 
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and  hippocampal  volume.  The  hippocampus  or  the 
amygdala  volumes  did  not  predict  scores  on  the 
figure  learning  test  BEM,  the  Doors  and  People 
Tests, or executive  functions. The amygdala  volume 
was  also  predictive  of  Bachy­Langedock  object 
naming test scores.  
4­ Discussion 
Hippocampal  atrophy  is  considered  as  the 
hallmark  of  the  ???????????? ???????.  However, 
hippocampal  volume  loss  has  been  associated  with 
????? ?????? ????????? ?????????? ???????????? ??????? 
(62),  fronto­temporal  lobar  degeneration  (63), 
vascular  dementia  (64,  65),  and  schizophrenia  (66). 
Moreover,  researchers  have  also  detected  a 
substantial  amount  of  hippocampal  volume  loss  in 
even  cognitively  intact  individuals  (67).  Although 
hippocampal  atrophy  has  a  large  sensitivity  for AD, 
these studies show that its specificity is much lower. 
To  attempt  to  improve  the  identification  of  this 
disease  by  neuroimaging  indices,  we  compared  in 
early  AD  patients  the  atrophy  of  two  nearby  limbic 




reported  mainly  in  moderate  stage  of  the  disease, 
occurs  in  earliest  stage  of  the  neurodegenerative 
disorder. The reduction was similar to those reported 
for  the  hippocampus  volume.  Moreover,  we 
demonstrated  that  the  amygdala  volume  loss 
predicted  cognitive  scores,  in  particular  of  memory 
scores,  after  controlling  for  hippocampus  volume, 
supporting a potential  relevance of  investigating  this 
part of the limbic system in AD. 
The use of  the multi­atlas approach has provided 
a  relevant  method  to  measure  volume  changes  in 
nearby  subcortical  structures  more  precisely. 
Classical  cerebral  volume  segmentation  in  AD 
patients  using  slice  thickness  of  5  mm  seems  to  be 
inadequate  to perform volumetry  (21). To overcome 
these  limitations,  more  reliable  protocols  (58)  and 
automatic  methods  have  been  used  for  cerebral 
segmentation.  Among  various  advantages  of 
automatic  procedures,  the  inter­observer  variation  is 
eliminated, and  the  time  to process a  large cohort  is 
substantially  reduced  compared  to manual  outlining. 
A  common  approach  to  automatic  segmentation, 
based on  a  single­subject  atlas,  tends  to misestimate 
anatomical  boundaries  in  regions  where  the  atlas 




segmentation  increased  (36,  37).  In  addition,  the 
MAPER  procedure  integrates  tissue  classification 
information into the segmentation procedure in order 
??? ??????????? ???? ????????? ??????????? ??? ?????????
with  ventricular  enlargement  as  encountered  in 
neurodegenerative disease (38). 
A  crucial  question  in  assessing  the  relevance  of 
volume  loss  detection  in  the  amygdala  is whether  it 
can  predict  cognitive  impairment  in  the  disease. 
Contrary to recent findings (33, 34), our study has not 
shown  any  significant  association  between  a  global 
index of the clinical severity assessed by MMSE and 
amygdalar or hippocampal volume. This may be due 
to  the  mean  MMSE  in  our  study  being  around  3 
points  higher  than  in  previous  studies.  The  MMSE 
scale  may  then  be  too  coarse  to  reflect  a  sensitive 
relationship  with  atrophy  in  affected  regions  at  the 
earliest stage of the disease (21, 27). In addition, even 
when  a  strong  correlation  between  structure  volume 
and MMSE scores have been found (19, 22, 70), none 
of  these  correlations  remained  significant  after 
factoring  in  other  structure  volumes  in  a  linear 
regression  model.  Furthermore,  we  are  not  the  only 
investigators to have been unable to find a significant 
correlation  between MMSE  scores  and  hippocampal 
and  amygdalar  volumes  (21,  23,  27,  33).  It  is  then 
unclear whether a strong link exists between structure 
volume  and  MMSE  scores.  This  is  not  entirely 
surprising considering that the MMSE is known to be 
particularly  insensitive  in  the  context  of  very  mild 
dementia,  including  the  prodromal  phase  of  MCI 
(71).  This  interpretation  is  supported  by  the 
significant  relationships  we  observed  between  the 
amygdalar  volume  and  more  specific  indices  of  the 
disease, such as the declarative memory performance 
(Grober  &  Buschke  test).  We  posit  that  this 
relationship  is  particularly  relevant  since  it  has  not 
been  found  for  the  hippocampal  volume,  suggesting 
that  it  cannot be  explained by  the  strong  correlation 
between  the  volumes  of  the  hippocampus  and  the 
amygdala  as  suggested  in  other  studies  (42,  43).  In 
particular, our multiple regression analysis allows us 
to consider the association of amygdalar atrophy and 
cognitive  scores  independently  of  variations  of 
hippocampal volume.  
These  results  could  also  reflect  an  increased 
sensitivity  owed  to  the  accuracy  of  the  MAPER 
method. Mori  et  al.  (5)  stressed  that  the  correlation 
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between  hippocampal  volume  and  memory  scores 
depended  on  whether  or  not  the  hippocampus 
segmentation  encompassed  the  subiculum  region. 
Critically, AD pathology affects numerous structures 
that  surround  the  hippocampus,  such  as  the 
subiculum,  parahippocampal  gyrus,  and  entorhinal 
cortex  (72).  It  has  been  suggested  that  these  focal 
patterns  of  pathology  isolate  the  hippocampus  from 
the  input  and  output  that  it  should  theoretically 
receive,  in  particular  via  the  connections  from  the 
subiculum (73). Therefore, additional MTL structures 
that  were  not  considered  in  our  study  (e.g., 
subiculum, entorhinal, perirhinal or parahippocampal 
cortex) may explain memory  impairment beyond the 
hippocampus.  A  congruent  finding  is  that  the 
hippocampus  shows  evidence  of  plasticity  in  the 
context  of  dementia  (74).  The  authors  demonstrated 
that  compensatory  mechanisms  are  activated  within 
the  hippocampus  early  during  the  atrophy  process. 
Taken  together,  these  studies  support  the  view  that 
the  correlations  between  hippocampal  volume, 
hippocampal  function,  and  memory  impairment  in 
AD are highly non­linear.  
In  summary,  this  work  demonstrates  that 
MAPER­based amygdalar volumetry can show major 
differences between AD patients and HC. Atrophy of 
the  amygdala  and  its  association  with  memory 
decline  in  the  early  stages  of  AD  may  be  a  useful 
marker  for  clinical  diagnosis.  However,  additional 
studies are needed  to assess  the clinical  relevance of 
investigating  this  structure  in  more  detail.  In 
particular,  amygdalar  atrophy  patterns  in  AD  could 
be  compared  with  those  occurring  in  other  types  of 
neurodegenerative disease. One  study  reported more 
severe amygdala atrophy in fronto­temporal dementia 
than  in  AD  (75),  but  a  further  work  is  needed  to 
develop  differential  diagnostic  criteria.  In  addition, 
correlations reported between amygdalar volume and 
cognitive  scores  are  not  proof  of  any mechanism of 
causation. The fact that the level of volume reduction 
in  this  structure  can  predict  several  cognitive 
declines,  even  after  controlling  for  hippocampal 
volume ???? ??????? ??????????? ?????? ???? ?????????? 
primary  role  is  emotion processing  and  not memory 
or  language  processing.  However,  the  amygdala  is 
intricately connected with the four lobes of the brain 
(i.e., occipital, temporal, parietal, frontal; 76) even in 
the  context  of  AD  (77)  leading  to  its  indirect 
implication  in  a  vast  range  of  cognitive  functions 
including  perception,  attention  and  declarative 
memory  (78).  Regarding  memory  function,  the 
amygdala  is  able  to  modulate  the  encoding  and 
consolidation  of  information  when  it  pertains  to 
emotional stimuli (79­82). In a recent functional MRI 
study  on  MCI  and  AD,  researchers  found  that  the 
functional  connectivity  was  notably  decreased 
(according to disease severity) between the amygdala 
and  structures  of  the  default  mode  network  (e.g., 
hippocampus,  parahippocampal  gyrus,  superior 
frontal  gyrus,  medial  frontal  gyrus),  which  is  a 
connection  of  regions  implicated  in  an  array  of 




in  MCI  and  AD.  Reduced  functional  connectivity 
from the amygdala to the middle cingulate cortex was 
also correlated with a decline in cognitive function in 
MCI  and  AD.  Through  its  various  connections,  the 
amygdala  may  have  a  role  in  modulating  numerous 
cognitive  functions,  including  those  that are affected 
in dementia. When the hippocampus is atrophied, the 
amygdala  has  been  shown  to  compensate  by 
increasing  its  activity  during  encoding,  even  for 
neutral items (83). Taken together, these studies show 
that  the amygdala  is not only an emotion­processing 
structure,  but  rather  an  essential  part  of  a  large 
network of structures that is able to adapt its activity 
as  changes  occur  throughout  the  network.  Further 
research  is  needed  to  assess  the  specific  amygdalar 
compensatory mechanisms that take place throughout 
the  course of  dementia.  If  amygdalar  volume  loss  is 
indeed predictive of cognitive decline and dementia, 
then affective disorders will most likely ensue as the 
amygdala  remains,  nevertheless,  the  key  structure 
processing  emotions.  Affective  disorders  have  been 
previously  observed  in  MCI  and  mild  AD  (22,  84­
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1 ? Age  _  ­0.14  0.30*  ­0.37**  ­0.25 
2 ­ Sexe   ­0.14  _  ­0.24  0.21  0.22 
3 ­ Education   0.30*  ­0.24  _  ­0.18  0.03 
4 ­ Normalized hippocampus volume   ­0.37**  0.21  ­0.18  _  0.69** 
5 ­ Normalized amygdala volume   ­0.25  0.22  0.03  0.69**  _ 
MMSE   ­0.04  ­0.28*  0.49**  ­0.01  ­0.08 
Memory 
                  WAIS : Digit span forward  0.16  ­0.21  0.20  ­0.22  ­0.21 
         WAIS : Digit span backward   0.10  ­0.3  0.29  ­0.27  ­0.22 
         RL­RI 16: Immediate recall   0.22  ­0.25  ­0.18  0.08  0.12 
         RL­RI 16: Free recall   0.08  ­0.03  ­0.22  0.22  0.36* 











         RL­RI 16: Delayed free recall   0.02  0.01  ­0.26  0.28  0.44** 
         RL­RI 16: Delayed total recall   0.10  ­0.01  ­0.34*  0.29  0.35* 
         BEM 144: Immediate recall   ­0.18  ­0.30  0.01  0.27  0.24 
         BEM 144: Delayed recall   ­0.15  ­0.32  0.00  0.28  0.33* 
         Doors and People Tests (set A+ B)   ­0.31  ­0.08  ­0.12  0.25  0.09 
Language abilities 
                  Naming of famous faces  0.04  ­0.02  0.02  0.50*  0.38 
         Bachy­Langedock test   0.14  ­0.04  0.15  ­0.08  ­0.03 
         Irregular words writing    0.14  0.03  0.32  0.41*  ­0.23 
Executive functions 
                  VF: Literal   0.06  0.18  0.39*  ­0.10  0.09 
         VF: Category   ­0.20  ­0.09  0.11  0.20  0.20 
         TMT: A  0.01  0.07  ­0.18  0.17  0.26 










   Mean  SD  Range  ??  t  df  p  ??  t  df  p 
MMSE   22.6  3.9  (15­29)  0.06  0.29  42  0.77  ­0.16  ­0.88  42  0.38 
Memory 
                 
 
 
         WAIS : Digit span forward  5.3  0.9  (3­7)  ­0.08  ­0.32  29  0.75  ­0.09  ­0.39  29  0.69 
         WAIS : Digit span backward 
4
  4.1  0.7  (3­5)  0.03  0.13  22  0.89  ­0.07  ­0.34  22  0.73 
         RL­RI 16: Immediate recall 
2
  13.4  2.2  (8­16)  ­0.32  ­1.2  26  0.24  0.58  2.29  26  0.03* 
         RL­RI 16: Free recall
 1,2
   11.4  6.9  (0­27)  ­0.28  ­1.28  25  0.21  0.83  3.84  25  <0,01** 
         RL­RI 16: Total recall   31.1  11  (3­48)  ­0.09  ­0.39  29  0.69  0.63  2.92  29  <0,01** 
         RL­RI 16: Delayed free recall 
1
   3.6  3.6  (0­12)  ­0.28  ­1.39  29  0.17  0.86  4.27  29  <0,01** 
         RL­RI 16: Delayed total recall   10.1  4  (1­16)  ­0.03  ­0.17  29  0.86  0.59  2.82  29  <0,01** 
         BEM 144: Immediate recall 
3
  5.2  2.1  (1.5­11)  0.1  0.46  29  0.65  0.08  0.36  29  0.71 
         BEM 144: Delayed recall 
1, 3
   4.4  2.7  (0­10.5)  0.12  0.55  29  0.58  0.24  1.07  29  0.28 
         Doors and People Tests (set A+ B) 
3






   Mean  SD  Range  ??  t  df  p  ??  t  df  p 
Language abilities 
                     
         Naming of famous faces  55.9  23  (12­93)  0.49  1.64  17  0.11  0.18  0.57  17  0.57 
         Bachy­Langedock test 
1, 5
   34.1  1.6  (30­36)  ­0.26  ­0.99  23  0.33  0.74  2.82  23  0.01* 
        Irregular words writing 
1, 5
  9.4  0.7  (8­10)  0.08  0.29  21  0.77  ­0.44  ­1.38  21  0.18 
Executive functions 
                     
         VF: Literal   17  6.4  (5­28)  ­0.16  ­0.71  30  0.48  0.14  0.6  30  0.55 
         VF: Category 
3
  16.8  5.9  (4­27)  0.05  0.19  29  0.85  0.08  0.33  29  0.74 
         TMT: A 
1
  81.4  58.2  (26­310)  ­0.11  ­0.47  30  0.63  0.36  1.49  30  0.14 
         TMT: B 
1
  202.8  120.4  (62­538)  0.05  0.21  26  0.83  0.31  1.35  26  0.18 
Note.  Cognitive tests were entered as dependent variables; hippocampal volumes, amygdalar volumes, age, sex and education were entered as independent variables. MMSE 
= Mini Mental State Examination, RL­RI 16 = Rappel libre ? Rappel Indicé of the Gröber & Buschke test, BEM 144 = Batterie d'Efficience Mnésique (Memory Performance 























2. 5.   Synthèse de l’étude 1 
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Chapitre III.  Répercussions 
comportementales de l’atteinte amygdalienne 
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1.  Rôle de l’amygdale dans les émotions 
1. 1.   Modèles émotionnels 
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1. 1. 1. Théorie des évaluations : le modèle des « Processus-Composants »  
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1. 1. 2. Approche Discrète vs. Dimensionnelle 
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1. 2.   Substrats cérébraux de l’émotion 
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1. 3.   Amygdale : Un module du traitement de la peur ? 
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2.  Répercussions de l’atteinte amygdalienne dans la MA 
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2. 1.   Eléments portant sur le fonctionnement socio-émotionnel 
dans la MA 
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Patients with early atrophy of both limbic structures involved in memory and emotion pro-
cessing in Alzheimer’s disease (AD) provide a unique clinical population for investigating
how emotion is able to modulate retention processes. This review focuses on the emo-
tional enhancement effect (EEE), defined as the improvement of memory for emotional
events compared with neutral ones.The assessment of the EEE for different memory sys-
tems in AD suggests that the EEE could be preserved under specific retrieval instructions.
The first part of this review examines these data in light of compelling evidence that the
amygdala can modulate processes of hippocampus-dependent memory. We argue that
the EEE could be a useful paradigm to reduce impairment in episodic memory tasks. In
the second part, we discuss theoretical consequences of the findings in favor of an EEE,
according to which a compensatory mechanism in patients with AD solicits greater amyg-
dala functioning or additional networks, even when amygdala atrophy is present. These
considerations emphasize the relevance of investigating patients with AD to understand
the relationship between emotion and memory processes.
Keywords: emotion, memory, Alzheimer’s disease, amygdala
EMOTIONAL EFFECTS ON PRESERVED AND IMPAIRED
MEMORIES IN ALZHEIMER’S DISEASE
Memory impairments are the core of cognitive dysfunctions
reported in Alzheimer’s disease (AD; Mori et al., 1997; Petersen
et al., 2000). They are sustained by lesions of the medial tem-
poral lobe (MTL), particularly of the hippocampus (Jack et al.,
1997; Mori et al., 1997; Simic et al., 1997; Mizuno et al., 2000).
Neuroimaging evidence suggests that, in parallel with the devel-
opment of lesions in the hippocampus, the amygdala undergoes
early atrophy in AD (Basso et al., 2006; Horinek et al., 2007;
Poulin et al., 2011). The amygdala is strongly implicated in the
context of emotional processing (Phelps and LeDoux, 2005) and
memory (Cahill et al., 1995, 1996), raising numerous questions
about possible impaired mechanisms in AD. While AD studies on
emotional processing have sometimes revealed spared emotional
abilities (Klein-Koerkamp et al., 2012) and preserved physiologi-
cal responsiveness to emotion (Smith, 1995; Hamann et al., 2000),
an important issue to evaluate could be how emotions modu-
late memory performance. In the context of normal aging, sev-
eral studies have reported that emotional content might improve
memory performance compared with non-emotional content
(emotional enhancement effect: EEE; see; Broster et al., 2012).
In this review, we investigate how the EEE on memory perfor-
mance evolves in healthy older adults (HOA) compared with AD
patients.
Findings on the effect of emotion on memory in AD have led
to discrepant results, with some studies reporting an EEE or a
beneficial effect of emotion on memory (i.e., the emotional mate-
rial is more accurately recalled than neutral material), and others
reporting no emotional advantage (i.e., emotional material is less
recalled than neutral material, or equivalently recalled). Thus, in
this report, we review these effects, along with factors that could
modulate the EEE: the participant’s characteristics and the emo-
tional task design (i.e., emotions, stimuli, and procedure used). We
further compare in detail these emotional effects in AD patients
and HOA with respect to the differences in their overall memory
performance. The literature that provides the basis for this review
was obtained by searching PubMed, PsycARTICLES, PsychINFO,
and Psychology and Behavioral Sciences Collection databases for
English language articles containing the key terms “Emotion∗”
AND “Memory” AND “Alzheimer” in the title and/or the abstract
and/or the keywords. No restrictions were placed on the year, with
all articles up to May 2012 included. Relevant papers from the
reference lists of identified papers were also reviewed. Given the
focus on AD patients, only studies with samples of people with this
dementia were included. In addition, only those studies were con-
sidered that included the diagnostic criteria used to identify AD
patients [criteria recommended either by the National Institute of
Neurological and Communicative Disorders and Stroke and the
AD and Related Disorders Association (NINCDS/ADRDA; McK-
hann et al., 1984)], or by the fourth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV, 1994). Two
studies were excluded because the patient group did not differen-
tiate between individuals with AD and those with mixed dementia
(Blessing et al., 2006, 2010). Finally, the study had to include at
least one explicit measure of the emotional effect on memory per-
formance (i.e., a comparison of memory performance between an
emotional and a neutral event). As a result of this last criterion,
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the studies included in this review dealt mostly with declarative
memory. Ultimately, 22 studies concerning the EEE on memory
performance in AD were eligible for inclusion in the present review
(Table 1).
The magnitude of the EEE on hippocampus-dependent mem-
ory (declarative memory) has been assessed in AD patients mostly
by using recall and recognition tasks with intentional encoding.
Additionally, various sets of emotional materials have been used:
emotional short stories with illustrated pictures, visual scenes,
video clips, word lists, and objects (Table 1). Although memory
was typically found to be heavily impaired in patients with AD,
the beneficial effect of emotions (EEE) was repeatedly demon-
strated in patients by using various types of tasks and materials
(Kazui et al., 2000, 2003; Boller et al., 2002; Fleming et al., 2003;
Nieuwenhuis-Mark et al., 2009; Schultz et al., 2009; Borg et al.,
2011; Nashiro and Mather, 2011; Werheid et al., 2011; Perrin et al.,
2012). This EEE was sometimes retrieved for discrete emotional
categories, such as only positive emotions (Hamann et al., 2000;
Kalenzaga et al., 2012; Perrin et al., 2012), but also for both positive
and negative emotions (Moayeri et al., 2000; Satler et al., 2007;Wer-
heid et al., 2011). However, in contrast to these beneficial effects,
a reduced EEE has also been reported, even when patients viewed
the same emotional stimuli or performed very similar tasks to
those used in studies reporting a preserved EEE (Hamann et al.,
2000; Abrisqueta-Gomez et al., 2002; Kensinger et al., 2002, 2004;
Budson et al., 2006; Brueckner and Moritz, 2009; Perrin et al.,
2012). Some researchers (Kensinger et al.,2004; Budson et al.,2006;
Kensinger, 2006) have suggested that the EEE on memory could
be disrupted in AD. We argue that several factors could intervene
in the presence or absence of EEE in AD. Intrinsic differences in
memory functioning between controls and AD patients could lead
to difficulties in raising an EEE. Researchers have also proposed
that the retrieval instructions (e.g., recollection vs. recognition
tasks; Kensinger et al., 2002, 2004; Sundstrom, 2011) or the type
of emotional stimuli (Kensinger, 2006; Nashiro and Mather, 2011;
Sundstrom, 2011) might modulate the magnitude of EEE in AD
patients.
Several studies found that the EEE was present in AD patients
despite it not being present in the control group (Moayeri et al.,
2000; Boller et al., 2002; Fleming et al., 2003; Sundstrom, 2011;
Kalenzaga et al., 2012), or, inversely, that it was present in HOA
but not in the AD population (Boller et al., 2002; Kensinger, 2006).
Some authors stressed that when the task to be performed is too
easy for HOA, or too difficult for patients, the EEE is more likely to
be obscured by a ceiling effect or a floor effect, respectively. These
effects could result from overall between-group (AD vs. HOA)
differences in memory functioning, which could overshadow the
genuine emotional effect. For example, HOA have performed per-
fectly in recognition tasks (Moayeri et al., 2000; Sundstrom, 2011)
or questionnaires (Boller et al., 2002), as these tasks are supposed
to be easier for controls than patients. Similarly, previous stud-
ies have established that recognition memory was typically very
high in HOA when they were tested immediately (Fleming et al.,
2003) and that AD patients were particularly impaired in tasks
involving a delay, leading to floor effects (Boller et al., 2002). Some
studies offered modifications to address these ceiling and floor
issues. For example, the study by Werheid et al. (2011) used a par-
adigm in which the presentation of the stimuli was repeated three
times only in the AD group. This study showed that three repe-
titions permitted patients to benefit from emotional information
to improve their memory performance. Further, Kalenzaga et al.
(2012) offered a reduced time delay for AD patients compared
with HOA. In addition, Hamann et al. (2000) and Kensinger et al.
(2004) used two different control populations, one with the same
memory task delay as for AD patients and the second with 2 weeks
or 24 h of additional delay. The study in which the delay was 24 h
longer did not allow equalization of overall memory performance
and showed no EEE in the AD group (Kensinger et al., 2004),
whereas the other study with 2 weeks of additional delay showed
between-group memory performance and an EEE that was simi-
lar in HOA and AD patients for positive emotions (Hamann et al.,
2000). The confusing pattern of EEE on declarative memories
in AD could thus result from the complex interaction between
changes in memory and emotion processes. The absence of an EEE
in AD was thought by some to reflect the fact that emotion could
not interfere with memory, since the disease severely impairs the
memory system (Borg et al., 2011). This issue reflected the poten-
tial influence of confounding variables (Klein-Koerkamp et al.,
2012). Rather than being a deficit in the impact of emotion on
memory processing, however, the absence of an EEE could rep-
resent a deficit in overall cognitive performance (e.g., short-term
memory, verbal abilities, semantic memory, executive functions,
visuo-spatial abilities). Several authors argued that the presence
of an EEE could result in access to cognitive abilities, such as
executive functions (Borg et al., 2011; Broster et al., 2012). Know-
ing the influences of emotions on executive control (for review
see Cohen and Henik, 2012, in this Research Topic), emotional
memory enhancement would then be affected in individuals with
impairments in executive functions. These considerations point
out the need to consider cognitive deficits when exploring the EEE
on memory in AD.
Further, we argue that distinguishing the differences in retrieval
instructions (recollection versus recognition tasks) could be crit-
ical in explaining the EEE discrepancies in AD. Indeed, there is
evidence that recollection tasks are more likely to induce an EEE in
healthy aging (Ochsner, 2000; Talarico et al., 2004). Although rec-
ollection and recognition tasks both involve remembering specific
details (e.g., contextual information) of an encoded episode, rec-
ollection tasks require a greater engagement of episodic memory
(de Vanssay-Maigne et al., 2011). During recognition, processes
of familiarity detection may compensate for episodic memory
difficulties (Atkinson and Juola, 1974; Mandler, 1980). Familiar-
ity refers to the ability to remember that an episode has been
encountered previously when no other contextual information
about it is available (Gardiner et al., 1998). In the context of
emotional memory, the separation of studies by the function of
their retrieval instructions suggests that the EEE remains pre-
served in patients with AD when recollection tasks are performed
(Boller et al., 2002; Fleming et al., 2003; Nieuwenhuis-Mark
et al., 2009; Nashiro and Mather, 2011; Perrin et al., 2012) rather
than when recognition tasks are performed (Abrisqueta-Gomez
et al., 2002; Kensinger et al., 2002, 2004; Budson et al., 2006;

































Table 1 | Comparative review of studies investigating the EEE on memory.











AD = 16; mean age = 70; m/f = 7/9;
MMSE = 19,6; HOA = 19; mean













AD = 10; mean age = 75; m/f = 5/5;
MMSE = 19,6; HOA = 12; mean
age = 75; m/f = 8/4; MMSE = 28,8
Happy, sad, and
neutral stories
Intentional Immediate and delayed
free recall (after 10 min)
Yes HOA (happy – immediate
recall); Yes AD (happy and
sad – immediate recall); No
HOA (delayed recall); No AD
(floor effects – delayed recall)
AD < HOA
Questionnaire No HOA (ceiling effects); yes







AD = 14; mean age = 80; m/f = 4/10;
MMSE < 24; HOA = 14; mean






Yes HOA; yes AD AD = HOA
Recognition (location
task – memory binding)




AD = 36; mean age = 72;
m/f = 16/20; MMSE = 24;






Intentional Recognition Yes HOA (true recognition);
No AD (true recognition); Yes
HOA (false recognition); Yes
AD (false recognition)




AD = 19; mean age = 76; m/f = 9/10;
MMSE = 23; HOA = 19; mean






Yes HOA (true recognition);
No AD (true recognition); No
HOA (false recognition); No
AD (false recognition)
AD = HOA (true




AD = 25; mean age = 75;





Intentional Free recall No HOA; yes AD (negative) AD < HOA
Gallo et al.
(2010)
AD = 18; mean age = 77; m/f = 7/11;
MMSE = 23,9; HOA = 18; mean
age = 72; m/f = 6/12; MMSE = 28,8
(HOA and AD results reported on




Intentional Recognition No HOA (true recognition); No
AD (true recognition); Yes
HOA (positive – false
recognition); yes AD
(positive – false recognition)
AD < HOA





































































Table 1 | Continued










AD = 12; mean age = 71; m/f = 5/7;
MMSE = 21,5; HOA = 12; mean




Incidental Free recall (immediately
or after 2 weeks for
HOA; immediately after
for AD)
Yes HOA (positive and
negative); yes HOA (2 weeks’
delay – positive + negative);
yes AD (positive)
AD < HOA; AD = HOA
(2 weeks’ delay)
Recognition Yes HOA (negative); no AD AD = HOA




AD = 22; mean age = 83;
m/f = 2/20; MMSE = 18,1;
HOA = 18; mean age = 85;




10 min for HOA;
immediately after for
AD)









AD = 34; mean age = 71;
m/f = 7/27; MMSE = 22,5;
HOA = 10; mean age = 70;







Yes HOA; yes AD AD < HOA




AD = 56; mean age = 72;










AD = 80; mean age = 71;
m/f = 33/47; MMSE = 23,2; HOA
(10 min delay) = 33; mean age = 71;
m/f = 17/16; MMSE = 29,4; HOA
(24 h delay) = 18; mean age = 68;
m/f = 8/10; MMSE = 29,1
Negative and
neutral stories
Intentional Immediate and delayed
free recall (after 10 min
for AD and HOA [10 min
delay] or 24 h for HOA
[24 h delay])
Yes HOA (10 min
delay – immediate and
delayed recall); yes HOA (24 h
delay – immediate and
delayed recall); no AD
(immediate and delayed
recall)
AD < HOA (10 min
delay – immediate and
delayed recall);
AD < HOA (24 h
delay – immediate and
delayed recall);
AD = HOA (24 h
















































































Table 1 | Continued






Presence of EEE Group Difference on
Memory Performance
Immediate and delayed
recognition (after 10 min
for AD and HOA [10 min
delay] or 24 h for HOA
[24h delay])
Yes HOA (10 min
delay – delayed recall); no
HOA (10 min
delay – immediate recall); yes
HOA (24 h delay – delayed
recall); no HOA (24 h
delay – immediate recall); no
AD (immediate and delayed
recall)
AD < HOA (10 min
delay – immediate and
delayed recall);
AD < HOA (24 h
delay – immediate and
delayed recall);
AD = HOA (24 h







AD = 13; mean age = 75;
HOA = 20; mean age = 73
Positive, negative, neutral
pictures





Recall Yes HOA (positive and
negative); no AD
AD < HOA
Neutral words in a
positive, negative, or
neutral context (sentence)
Recall No HOA; no AD AD < HOA
Neutral or negative words Recognition (after
5 min)
Yes HOA (negative); no AD AD < HOA





No HOA; no AD AD < HOA
Moayeri
et al. (2000)
AD = 28; mean age = 76;
MMSE = 19,6; HOA = 16; mean





questions (after 5 min)






AD = 18; mean age = 72;
m/f = 11/7; HOA = 18; mean





Incidental Free recall Yes HOA (arousing – positive);
yes AD (arousing – positive)
AD < HOA
Recognition (location
task – memory binding)
Yes HOA (arousing – positive
and negative); yes AD
(arousing – positive and
negative)
AD < HOA
Recognition Yes HOA (arousing – positive
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Presence of EEE Group Difference on
Memory Performance
Recognition (location
task – memory binding)
Yes HOA (arousing – positive
and negative); yes AD











Intentional Free recall Yes HOA (positive and














Intentional Free recall (after 3 min) Yes HOA (positive sound
context); no AD (sound
context); yes HOA (positive





Yes HOA (positive and
negative pictures for gist); yes
AD (positive and negative
pictures for gist); no HOA
(sound context – for gist and
detail); no AD (sound












No HOA; yes AD (negative) AD < HOA
Emotional rating AD ￿= HOA
Satler et al.
(2009)
AD=14; mean age=75; m/f=6/8;






No HOA (ceiling effect); no AD AD < HOA




m/f=10/10; MMSE > 20; HOA=20;
mean age=66; m/f=10/10 (results
reporting on global HOA group – not
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Brueckner and Moritz, 2009; Gallo et al., 2010). This effect of
recognition vs. recollection was also shown when AD patients
could not create an elaborate conscious encoding strategy dur-
ing incidental encoding (Hamann et al., 2000; Schultz et al.,
2009; Sundstrom, 2011). Studies have consistently shown that,
whereas recollection is sustained by the hippocampus area, recog-
nition is associated with activities in the perirhinal cortex (for
reviews, see Brown and Aggleton, 2001; Diana et al., 2007; Eichen-
baum et al., 2007; Skinner and Fernandes, 2007). This distinction
is crucial because current theoretical models of the EEE have
proposed that emotion influences on declarative memory are
sustained by functional connections between the amygdala and
hippocampus (Cahill et al., 1995; McGaugh et al., 1996; Cahill
and McGaugh, 1998; McGaugh, 2004; Phelps, 2004; Labar and
Cabeza, 2006). Dolcos and collaborators (2005) demonstrated in
particular that participants elicited greater activity in the amyg-
dala, hippocampus, and entorhinal cortex when they successfully
retrieved emotional stimuli than when they retrieved neutral pic-
tures. Most importantly, in the amygdala and hippocampus, the
activity for emotional pictures was greater for recollection than
for recognition (familiarity; Dolcos et al., 2005), suggesting that
successful retrieval of emotional items was related to an amygdalo-
hippocampal interaction for recollection tasks. Although influ-
ences of amygdale activity during the encoding of emotional
faces have been demonstrated in other brain areas (Kilpatrick
and Cahill, 2003; Sergerie et al., 2005), findings have mainly
been obtained for hippocampus-dependent declarative memory.
In patients with AD, the successful recollection of emotional cues
supports the concept that the interaction within MTL structures
is partly preserved, even when the hippocampus and amygdala
volumes are partially reduced. Results from the study by Mori
et al. (1999) confirmed a significant correlation between the amyg-
dalar volume of patients with AD and their personal memory but
not between amygdalar volume and their factual knowledge about
the Kobe earthquake. This suggests that in impaired memory sys-
tems, emotional charge could allow individuals to reduce deficits
specifically for strictly episodic memory.
Another point considered to be critical in the elicitation of an
EEE in AD is the type of emotional stimuli. It has been proposed
that differences in stimulus properties, such as exposure time,
tactile richness, and self-reference (whether the stimuli relates to
oneself or not), might be the reason for the contradictory results of
the EEE in AD (Sundstrom, 2011; Kalenzaga et al., 2012). By using
objects that were emotionally connoted as gifts, Sundstrom (2011)
demonstrated that the emotional load was increased, leading to the
generation of an EEE in AD patients. The author then showed, by
using a tactile self-reference dimension (the participant received
a gift), that the gifts were better recalled than the non-gifts. In
addition, in a study by Kalenzaga et al. (2012), the subjects had
to perform a recognition task of emotional vs. neutral adjective
traits and then had to characterize during encoding the extent to
which the adjective described themselves (self-reference encod-
ing). Results showed that this stimuli encoding strategy led to an
EEE, in particular for negative adjectives. Thus, it can be expected
that AD patients’ attention is attracted by the emotional valence
of material that is potentially congruent or emotionally related to
themselves (Kalenzaga et al., 2012). This consideration could be
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applied in the context of flashbulb memories, which are charac-
terized by an enhanced memory for highly emotionally charged
situations that have been experienced (Ikeda et al., 1998; Budson
et al., 2004). Japanese patients with AD were more likely to be able
to recall their emotional experience during the Kobe earthquake
than they were to recall the magnetic resonance imaging scan that
they underwent at about the same time. Further, Budson et al.
(2004) found that patients with AD retained more personal than
factual information about their experience during the events of
September 11, 2001. Taken as a whole, these findings suggest that
the use of different emotional stimuli could lead to different emo-
tional loads, which might potentially generate an EEE, provided
that the intensity and the self-reference of the stimulus are high
enough.
In sum, the presence or the absence of an emotional effect on
declarative memory could depend on several factors: the presence
of severe cognitive decline (e.g.,memory), the retrieval instruction,
and the emotional stimulus (e.g., emotional load, self-reference).
A large number of studies have found an EEE on memory in AD
even when cautiously controlling the between-group difference
in memory performance (Hamann et al., 2000; Werheid et al.,
2011; Kalenzaga et al., 2012), thus reinforcing the beneficial effect
of emotion on an AD patient’s memory losses. Emotions could
convey a conceptual representation that seems to remain partly
accessible in these patients. Factors related to the task could also
be used to reinforce the emotional trace in memory. The elicitation
of an enhancement effect on declarative memory, which declines
dramatically in AD, raises the potential benefits of using emo-
tional stimuli in rehabilitations programs. Emotional cues could
be a promising way to elaborate therapeutic interventions.
Outside the considerations of EEE on declarative memory,
emotional influences in AD could also increase in the context
of non-declarative memory (i.e., implicit memory). These emo-
tional influences have not, however, been associated with an EEE,
as no strict assessment of memory performances has been done
that compared an emotional with a neutral stimulus. Several AD
studies have investigated memory implicitly in the context of
affective learning (Blessing et al., 2006, 2010), emotional prim-
ing (Quoniam et al., 2003; Labar et al., 2005; Garcia-Rodriguez
et al., 2009), and fear conditioning (Hamann et al., 2002; Hoefer
et al., 2008). The study of Blessing and coworkers (2006) showed
that patients’ affective ratings of neutral faces were systematically
altered by the biographical information (pleasant or aversive sto-
ries) that was previously associated with the face. These authors
suggested that implicit affective dispositions were relatively intact
in dementia. Similarly, preservation of emotional priming in AD
has been suggested, since emotional categorization was more accu-
rate for previous emotional priming than for neutral priming
(Labar et al., 2005; Garcia-Rodriguez et al., 2009). On the other
hand, AD patients have presented deficits in the acquisition of fear
conditioning responses, although normal reactivity to the aversive
stimulus was found (Hamann et al., 2002; Hoefer et al., 2008).
Researchers have stressed that the pattern of spared and
impaired types of non-declarative and declarative memory fol-
lows the pattern of brain regions affected by AD (Hamann et al.,
2002; Blessing et al., 2006; Garcia-Rodriguez et al., 2009). Declar-
ative memory is sustained by MTL structures, including the
hippocampus and entorhinal cortex, which are first affected in
AD. The amygdala was suggested to be a critical structure for the
establishment of conditioned responses (Ledoux, 1992; Debiec
et al., 2010) and emotional memory (Cahill et al., 1995). This
brain structure undergoes pathological changes relatively early in
AD (Poulin et al., 2011). In contrast, the visual and sensory corti-
cal areas engaged by visual priming are usually spared in the early
stage of the disease (Schacter and Badgaiyan, 2001; Blessing et al.,
2006), suggesting that implicit emotional memory could be partly
preserved in AD (Garcia-Rodriguez et al., 2009). These consid-
erations point, however, to the notion that pathological lesions
(e.g., in the amygdala) result in functional impairments, which
is not always admitted by the scientific community (Dickerson
et al., 2004; Wright et al., 2007). It is thus necessary to unravel how
changes in limbic structures could modulate an emotional impact
in AD.
AD NEUROPATHOLOGICAL CHANGES WITHIN THE AMYGDALA AND
THEIR RELATION TO THE IMPACT OF EMOTIONS ON MEMORY
Alongside reports about the reduction in hippocampus volume,
reports about the atrophy of other limbic areas have been pub-
lished from the start of investigative work on the AD brain (Herzog
and Kemper, 1980; Tsuchiya and Kosaka, 1990; Scott et al., 1991,
1992; Arriagada et al., 1992). In particular, several neuroimaging
studies have focused on amygdala lesions (Cuenod et al., 1993;
Lehericy et al., 1994; Mori et al., 1997, 1999; Krasuski et al., 1998;
Basso et al., 2006; Horinek et al., 2007; Wright et al., 2007; Schultz
et al., 2009; Cavedo et al., 2011; Poulin et al., 2011), suggesting that
reduction in its volume could be similar to hippocampus atrophy
(Killiany et al., 1993; Mizuno et al., 2000; Barnes et al., 2006; Schultz
et al., 2009). A reduction in amygdala volume may have dramatic
consequences for emotion processing in AD, since this structure
is strongly involved in numerous emotional processes (Phelps
and LeDoux, 2005; Phelps, 2006; Pessoa and Adolphs, 2010). In
a recent meta-analysis of the AD population, we reported that
the recognition of amygdala-dependent emotions is consistently
impaired across studies (Klein-Koerkamp et al., 2012). In relation
to memory, considerable supporting evidence in animal (Maren,
2001) and human studies (Hamann, 2001; McGaugh, 2004; Phelps
and LeDoux, 2005; Phelps, 2006) suggests that the amygdala is
able to modulate encoding, consolidation, and retrieval of emo-
tional materials by increasing hippocampus activity. Insights from
another model indicate that the amygdala could be a specific
structure for emotional memorization (Ledoux, 2000). Conse-
quences of specific amygdalar atrophy have been assessed in several
neuropsychology studies of patients with bilateral and symmetri-
cal calcification of the amygdalar complex [Urbach-Wiethe (UW)
disease]. These works have confirmed that emotional memory dis-
ruption could result from amygdalar damage because patients with
UW had a reduced EEE (Adolphs et al., 1997), whereas patients
with amnesia whose amygdala was spared (but who had damage
to other MTL regions) had intact emotional memory (Hamann
et al., 1997). It has since been proposed that lesions in the amygdala
observed in the early phase of AD could be sufficient to disturb
this emotional process (Kensinger, 2006).
The assessment of the EEE on declarative memory in patients
with AD and UW, offering a model of amygdala neuropathological
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FIGURE 1 |The model based on potential mechanisms by which the
amygdala mediates the influence of emotional effect on memory in AD,
inspired by Labar and Cabeza (2006). The amygdala presents neural
projections to several brain areas. In the context of AD, we propose a pattern
of preserved or reinforced interactions between the amygdala and MTL
structures in the context of successful emotional retrieval in declarative
memory (potentially depending on the task and the emotional stimulus). A
pattern of preserved or reinforced interactions between the amygdala and
prefrontal cortex could act in the context of flashbulb memory, one form of
autobiographical memory. Compensatory mechanisms have also been
proposed in the context of working memory (Rosenbaum et al., 2010; Broster
et al., 2012). On the other hand, non-declarative memory could be impaired in
the context of fear conditioning, as this system takes place intrinsically in the
amygdala. Emotional priming could be preserved, as visual and sensory
cortices remain relatively preserved in AD, leading to potentially intact neural
projections to the amygdala. The EEE requires that cognitive resources are
available to help performance for a given task and for a given participant. Red
arrows indicate a pattern of reinforced neural projections. Solid arrows
indicate direct connections; dashed arrows indicate indirect connections.
PFC, Prefrontal cortex; MTL, Medial temporal lobe; AD, Alzheimer’s disease.
lesions, has, however, provided divergent findings. Whereas a
deficit in EEE acquisition is observed in UW patients (Adolphs
et al., 1997), it is not systematically the case in AD patients. Related
to the amygdala, the major difference between these two popula-
tions is that patients with UW have complete calcification of both
amygdales (for a detailed neuroanatomy description; Tranel and
Hyman, 1990), whereas the level of amygdala atrophy in AD varies
from 14 to 60% (Scott et al., 1991; Cuenod et al., 1993; Jack, 1997;
Cavedo et al., 2011). In addition, a recent study suggests that,
rather than affecting the whole structure, amygdalar atrophy in
patients with AD affects mainly the lateral and basolateral ven-
tromedial regions (Cavedo et al., 2011). Thus, according to the
notion that pathological lesions result in functional impairments,
these considerations emphasize that emotional memory deficits
will be moderate in AD. Nevertheless, the hypothesis that localized
amygdala lesions in AD are responsible for changes in EEE acqui-
sition remains an open question, as (1) the functional role of the
amygdala subregions in emotional memory is largely unknown,
and (2) both preservation and disruption effects are reported in
AD studies. This is inconsistent with the notion that proportional
effects exist between pathological lesions and the functionality
of the amygdala, which raises critical issues related to amygdala
functioning in AD.
To date, very few works have brought new information to light
regarding these issues, with most imaging studies investigating
memory effect without emotionally arousing information (Grady
et al., 2001; Rosenbaum et al., 2010). In these studies, functional
connectivity data were obtained in patients with AD engaged in a
delayed match-to-sample face recognition task (working memory
task) of familiar and unfamiliar items. Results showed increased
connectivity between the left amygdala and the neighboring and
inferior prefrontal regions in AD compared with that in HOA
(Grady et al., 2001; Rosenbaum et al., 2010). This pattern of altered
connectivity was not clearly determined. As amygdala activation
has consistently been reported during affective tasks, the authors
suggested that the emotional content of the faces was incidentally
processed to a greater degree by the patients than by the controls
(Grady et al., 2001). Some authors have also proposed that the
pattern of prefrontal involvement in AD represents an inhibitory
system that suppresses emotional responses elicited by the faces,
which is irrelevant to the task (Rosenbaum et al., 2010). This pat-
tern of enhanced prefrontal activity (in particular the dorsomedial
part of the prefrontal cortex) involved in regulatory mechanisms
has been also reported in the context of healthy aging. It was
suggested that older adults showed a greater prefrontal activity
compared to young adults due to additional cognitive control
involved in decoding and/or regulating negative emotions (Ebner
et al., 2012). In the context of AD, researchers suggested, nev-
ertheless, that this prefrontal activity reflected a compensatory
mechanism, involving the amygdala and prefrontal networks to
a greater extent than it does in HOA. In a similar task, a com-
pensation system that included the amygdala was retrieved, as
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shown when greater amygdala activation was reported in patients
with mild cognitive impairments compared with HOA (pilot study
reported in: Broster et al., 2012). This result corroborates findings
of Wright et al. (2007), in which amygdala activity was shown to be
significantly greater in AD patients for both neutral and emotional
faces compared with HOA. The hypothesis that the preserva-
tion of emotional impact might be explained by a compensatory
mechanism requiring greater recruitment of the amygdala and/or
solicitation of an additional anatomical network thus seems valu-
able (Grady et al., 2001; Wright et al., 2007; Rosenbaum et al., 2010;
Broster et al., 2012). Further studies investigating the functional
interactions between prefrontal and amygdala areas in the context
of emotional memory in AD are needed before conclusions may
be drawn.
In another model, Labar and Cabeza (2006) emphasized the
role of the amygdala and its interaction with other brain areas,
including MTL structures and the prefrontal cortex, in the con-
text of declarative and non-declarative memory. In this theoretical
framework, the amygdala mediates the influence of emotional
arousal on declarative memory via direct connections with the
MTL structures by favoring memory consolidation. Indirect and
direct connections between the prefrontal cortex and the amygdala
mediate other forms of declarative memory, including semantic,
autobiographical, and working memory. In addition to the con-
ditioned emotional learning that takes place intrinsically in the
amygdala, direct neural projections with sensory cortices target
other non-declarative forms of memory, including perceptual and
conceptual priming [see Figure 1, inspired by Labar and Cabeza
(2006)].
As stated above in the context of AD and on the basis of this
model, we hypothesize that a patient’s successful recollection of
emotional cues (vs. non-emotional cues) could relate to preserved
or reinforced functional interactions between the amygdala and
MTL structures in the context of declarative memory. These amyg-
dala and MTL interactions for EEE elicitation could also depend
on the arousal strength and relevance of the emotional stimulus
(Ikeda et al., 1998; Satler et al., 2007; Sundstrom, 2011; Kalenzaga
et al., 2012). In the case of enhanced flashbulb memory, one form
of autobiographical memory, additional reinforced projections
between the amygdala and prefrontal cortex could be recruited to
enhance memory, providing that the emotional stimulus is strong
enough (Mori et al., 1997; Ikeda et al., 1998; Budson et al., 2004).
The model of Labar and Cabeza (2006) also fits with suggestions
of Broster et al. (2012) and Rosenbaum et al. (2010) on the poten-
tial compensatory mechanism involving the prefrontal cortex and
the amygdala in the context of working memory (studies involving
match-to-sample tasks). Considering non-declarative memory, we
hypothesize that the later impairments of sensory cortices could
result in potentially intact projections between the amygdala and
this area to maintain an emotional influence on priming scores.
On the other hand, additional brain networks cannot compensate
for fear learning impairments in AD, which mainly involve the
amygdala.
Neuroimaging of emotional memory enhancement in aging
and AD populations remains in its infancy (Broster et al., 2012).
The model that we propose in the context of AD is based on cur-
rent knowledge of brain networks that sustain emotional memory
processes in healthy subjects (Labar and Cabeza, 2006). The AD
population highly differs from normal subjects in the sense that
patients have severe cognitive declines. Thus, our assumptions of
reinforced neural projections between brain areas in the elicitation
of emotional enhancement have to be considered in the context of
cognitive resources that are available in the AD population (Borg
et al., 2011; Broster et al., 2012). In this way, severe deficits in the
overall memory system or executive functions could compromise
an emotional effect on memory for a given task.
This AD model of neuropathological changes provides new
input into the current staging of knowledge concerning emotional
memory processes in humans. There may not be a linear expla-
nation for the relation between amygdala volumes, its functional
activity, and emotional memory disturbances. Further neuroimag-
ing findings would be very helpful in describing the anatomical
and functional signatures of emotional memory processes and
how altered brain systems may compensate for emotional memory
impairments in the context of AD.
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2. 3.   Décodage explicite des émotions dans la MA 
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2. 3. 1. Une incapacité à décoder les émotions liées à une perturbation de 
l’expérience émotionnelle dans la MA? 
T):1#'?*3:%1#3C%45'1/%0(%#'-)./)00%33%B#3%,#*:.%:1,#)0.#-%,:1'#3%#1%,,%0./#&%,#5*./%0.,#*512,#
:0%# /0&:(./)0# '-)./)00%33%# %0# ()-5*1*0.# (%# 1%,,%0./# A# (%3:/# &%,# ,:J%.,# ()0.1]3%,# 89/+:1%# !;#Y#
%45'1/%0(%# '-)./)00%33%B# ^_#&%,# '.:&%,# .).*3%,<=# H%# 1%,,%0./# ,%#-%,:1%# 5*1# 3C'-)./)0# E:%# 3%,#
5*./%0.,# 1*55)1.%0.# %453/(/.%-%0.# ,:1# :0%# '(K%33%# 8!"#"$# ?*3%0(%B# *(./?*./)0# '-)./)00%33%<# ):#





&%#-*0/21%# %11)0'%# 3%,# '-)./)0,# 5):11*/.# G.1%# /0&'5%0&*0.# &%# 3*# @*(:3.'# A# 5):?)/1# 1%,,%0./1#




'**+87*+-# -9&+$*8:+-# 3+# &;'<=>3'&+?# 2+-# 6'*8+7*-# $9)9()%@&9-9-# 3'7-# &;'<=>3'&+# 6%--93'8+7*# &+#
<A<+# *=6+#3+#6)%B8&#C,+#$+&,8#<%7*)9#6%,)# &+-#6'*8+7*-#DE?#F&,-8+,)-#G=6%*GH-+-#+I6&8$'*8:+-#
%7*# 9*9# 6)%6%-9+-# 3'7-# &+# $'3)+# 3+# &'# DE?# J+# $')'$*H)+# ',*%<'*8C,+# 3+# &;+I6)+--8:8*9# B'$8'&+#
.KL<'7# +*# '&?M# !4NNO# KL<'7# +*#PQR,&&8:'7M# /0051# 6%,))'8*# A*)+# ,7#6)%$+--,-#6)9-+):9# $G+S# &+-#
6'*8+7*-#.D%>)'(8#+*#'&?M#/0!/'1?#K7#$+#C,8#$%7$+)7+#&'#6)9-+):'*8%7#3,#)+--+7*8#-,)#&+-#9$G+&&+-#
',*%@)'66%)*9+-M#+&&+#6%,))'8*# )9-,&*+)#3+# &'#<,&*8@<%3'&8*9#3+-#-*8<,&8#,*8&8-9-#3'7-# &+-# *T$G+-#
<+-,)'7*# $+**+# $'6'$8*9?# K7# +BB+*M# 8&# -;'>8*# *)H-# -%,:+7*# 3+# B8&<-# 6+)<+**'7*# &;87*9>)'*8%7# 3+#
38:+)-+-# -%,)$+-# 3;87B%)<'*8%7-# .!"#"$% :8-,+&&+-# +*# ',38*8:+-1# -,BB8-'<<+7*# >979)'*)8$+-# 3;,7#
)+--+7*8# 9<%*8%77+&# .U+7)=# +*# '&?M# /004O# U+7)=# +*# '&?M# /00NO#D%>)'(8# +*# '&?M# /0!/'1?# V%,*+B%8-M#
&;,*8&8-'*8%7# 3+# $+# *=6+# 3+# -*8<,&8# 3'7-# &'#DE# +7*)'W7+)'8*# *%,*# 3+#<A<+# 3+-# 39B8$8*-# 3'7-# &+-#
*T$G+-#3+#39$%3'>+#9<%*8%77+&#.X%BB#+*#'&?M#!4441?#
2. 3. 2. Influence des troubles cognitifs dans les performances de 
décodage émotionnel 
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2. 3. 3. Existence de variabilités méthodologiques 
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2. 3. 4. Implication des troubles comportementaux dans les déficits de 
reconnaissance émotionnelle 
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2. 3. 5. Etude 3 :  Décodage des émotions dans la MA 
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Abstract. Studies on emotional processing in Alzheimer’s disease (AD) have reported abnormalities in emotional decoding.
However, it remains unclear whether the impairment depends on a general cognitive decline that characterizes these patients or
is an independent deficit. We conducted a comprehensive meta-analysis of existing studies that compared AD patients with age-
matched healthy older adults (HOA) on measures of emotional decoding abilities. Our first goal was to quantify the magnitude
of the AD patients’ deficit. The second goal was to identify variables that may modulate the deficit, including emotional task
design and participants’ characteristics. The random-effects model analysis on 212 effect sizes indicated that AD patients showed
significant impairment in emotional decoding abilities. This deficit is consistent regardless of the emotional task, stimuli, type
of emotion considered, or disease severity. After we controlled for cognitive status, the emotional performance in AD patients
was still poorer than that in HOA. The effect size of emotional performance was significantly lower when the cognitive status
was considered than when it was not. Thus, our results suggest that impaired emotion processing in AD patients cannot be solely
explained by the cognitive deficit. These findings provide evidence that progressive neuropathological changes characterizing the
disease could affect emotional processing, which may suggest that clinicians should be sensitive to the emergence of impairments
in emotional decoding. Further research that addresses the limitations of existing studies is needed to draw conclusions about
methodological issues and the impact of the AD patient’s depression symptoms on emotional decoding.
Keywords: Alzheimer’s disease, emotion, meta-analysis
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INTRODUCTION
Alzheimer’s disease (AD) is a neurodegenerative
disorder characterized by neuronal cell loss, neurofib-
rillary tangles, and senile plaques that first develop
within the entorhinal cortex and hippocampus [1]. In
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parallel with progressive impairment of global cog-
nitive functions, particularly episodic memory [2],
clinical reports suggest massive emotional distur-
bances [3]. Several authors have hypothesized that
emotional disorders may be the expression of a
more global emotional processing deficit [4, 5]. This
assumption is supported by neuroimaging findings
showing an alteration of the emotional brain in AD
patients [1, 6–9].
Consequently, an extensive literature this last decade
suggests a decline in emotional processing in AD
patients [10–18]. Compared with healthy older adults
ISSN 1387-2877/12/$27.50 © 2012 – IOS Press and the authors. All rights reserved
110 Y. Klein-Koerkamp et al. / Emotional Decoding and Alzheimer’s Disease
(HOA), AD patients are impaired in recognizing emo-
tion, especially facial expressions, as revealed by
numerous studies [15, 19, 20]. Although 61% of stud-
ies show a deficit of emotion recognition, 39% show
similar performances for emotion decoding in AD and
in HOA [19]. This discrepancy raises questions about
a possible global deficit in emotional decoding abil-
ities in AD. Consequently, the current meta-analysis
aims to determine whether there is a deficit in emo-
tional decoding abilities in AD and to identify factors
that potentially modulate the deficit. In particular, the
influence of such factors related to task design and
changes in participant characteristics associated with
the disease remain to be better understood.
Traditionally, researchers have investigated the per-
formance of AD patients with tasks such as emotion
identification (labeling or naming) [10, 15], discrimi-
nation [21], selection, and matching [14, 22, 23], partly
by using the Florida Affect Battery (FAB) [24]. Even
for a specific type of task, both significant deficits
and preserved abilities to decode emotions have been
observed among studies (Table 1) [19]. Several cogni-
tive components that are engaged in such emotional
decoding tasks are thought to be implicated in the
problems with performing these tasks in AD patients
[20]. Although most researchers assessed the perfor-
mance of emotional decoding by using facial stimuli,
a wide variety of situations and other stimuli have also
been used: cartoon drawings [16], prosody [25], audio-
taped stories depicting emotion-provoking situations
[26], and videotaped vignettes that include body move-
ments, gestures, faces, and prosody [15, 16]. Thus,
emotional decoding abilities have been assessed in
visual (e.g., facial expressions) [5, 27], auditory [12,
22], and audiovisual modalities [15]. The variability
of emotional stimuli could lead to discrepancies, as
some stimuli could be decoded more easily than oth-
ers. Indeed, stimuli depicting more realistic emotional
situations may enrich, both temporally and structurally,
the input properties and enhance the perception of emo-
tion [28]. Studies based on emotional decoding from
prosody [12] and video clips [15] found that perfor-
mance was similar in the AD patient group to that in
the HOA group, whereas a deficit was observed for
decoding tasks in which facial expression was used
[12, 15]. Pictures with standardized facial expressions
are thought to poorly reflect the context of the natural
environment, preventing AD patients from correctly
identifying and interpreting the emotion [15]. In con-
trast, prosodic language adds supplementary dynamic
information that allows easier identification of emotion
[12].
An important issue is to determine whether the
impairment of AD patients is related to a specific type
of emotion. Two hypotheses have been proposed in
the literature. First, the ability to decode positive emo-
tions (i.e., happiness) is preserved in AD, whereas the
ability to decode negative emotions is impaired [5, 20,
29]. Second, the deficit occurs only for several specific
emotions. For instance, a large part of the AD litera-
ture demonstrated a decline in the ability to identify
negative emotions such as fear [4, 14, 15, 20, 23, 30,
31], but a preservation of the ability to identify disgust
[15]. For other emotions, the results are less consis-
tent. Compared with HOA, AD participants may be
impaired for decoding sadness, anger, and surprise, as
revealed in several studies [14, 20] but not shown in
others [4, 22]. In the present meta-analysis, we aim to
shed further light on these issues by examining whether
people with AD are impaired in decoding specific emo-
tions (e.g., fear) and not impaired in decoding others
(e.g., happiness, disgust).
Another classical assumption is that AD patients’
poor performance on emotional tasks does not nec-
essarily indicate impairment in emotional decoding
abilities, but rather a global cognitive deficit that
impacts general processes, including emotional pro-
cessing [10, 12, 16, 21–23, 29, 32, 33]. Consequently,
the emotional deficit in AD may result from cogni-
tive declines in memory and visuospatial skills, rather
than being representative of a primary deficit of emo-
tional abilities [10, 16, 22]. Indeed, when the emotional
decoding performances are adjusted for general cog-
nitive functions, there are no significant differences
between AD and HOA for tasks such as emotional
selection and matching [22] or emotional naming [15].
Deficits in emotional decoding also seem to mirror
language deficits [10, 25, 34]. Moreover, numerous
researchers have examined impairments in perceptual
abilities as a potential cognitive deficit suspected to
interfere with emotional decoding scores [10, 12, 16,
21–23, 29, 33]. When visuospatial abilities were con-
trolled for, some authors still reported significantly
poorer performance in AD patients [14] for the decod-
ing of facial emotion, whereas others did not find such
an effect [10]. Overall, declines in visual perception
have been suspected to contribute to difficulties in emo-
tion processing in AD in some studies [10, 12, 16],
although other studies have refuted this suggestion [11,
14].
The relationship between the level of emotion
decoding abilities and the level of dementia severity
in AD patients also remains unclear. The progression

















Description and main results of studies investigating emotional decoding abilities in patients with Alzheimer’s disease (AD) and age-matched healthy older adults (HOA)
Authors Number of participants Emotions considered in the
study
Stimuli Emotional tasks Main resultsa
Albert, Cohen & Koff [10] AD = 19 HOA = 19 Happy, surprise, neutral,
sadness, disgust, anger,
fear
Cartoon drawing, face, story
listening
Discrimination AD < HOA (face)
Matching AD < HOA (cartoon-story
listening)
Naming AD < HOA (face)
Selection AD < HOA (face)
Allender & Kaszniak [11] AD = 13 HOA = 10 Interest, happy, shame,
sadness, disgust, anger,
contempt
Face, prosody Naming AD < HOA (face)
Naming/Discrimination AD < HOA (prosody)
Bediou et al. [43] AD = 10 HOA = 50 Happy, fear, anger, disgust Face Naming AD < HOA
Bucks & Radford [22] AD = 12 HOA = 12 Happy, sadness, fear, anger,
neutral
Face, prosody Discrimination AD = HOA (face)
AD < HOA (prosody)
Matching AD = HOA (face)
Matching face to prosody AD < HOA
Matching prosody to face AD < HOA
Naming AD = HOA (face)
AD < HOA (prosody)
Selection AD < HOA (face)
Burhnam & Hogervorst [23] AD = 13 HOA = 13 Happy, sadness, fear,
surprise, anger, disgust
Face Matching AD = HOA
Naming AD < HOA (fear, happy,
sadness)
Naming AD = HOA (anger, disgust,
surprise)
Drapeau et al. [30] AD = 7 HOA = 16 Happy, sadness, fear,
surprise, anger, disgust
Face, prosody, music Naming AD = HOA (prosody, music,
faces: happy, anger,
surprise)
AD < HOA (faces: fear,
sadness, disgust)
Fernandez-Duque & Black [38] AD = 8/9 HOA = 10 Happy, surprise, disgust,
sadness, fear, anger, neutral
Face Discrimination AD < HOA
Naming AD = HOA
Granato et al. [13] AD = 12 HOA = 12 Happy, anger, surprise,
sadness, fear, disgust,
neutral
Face Naming/Matching AD < HOA
Hargrave, Maddock & Stone [14] AD = 22 HOA = 14 Happy, sadness, fear,
surprise, anger, disgust
Face Discrimination AD < HOA
Matching AD < HOA


















Authors Number of participants Emotions considered in the
study
Stimuli Emotional tasks Main resultsa
Henry et al. [15] AD = 24 HOA = 30 Happy, surprise, fear, sadness,
disgust, anger, neutral
Face, video clip Naming AD < HOA (Face) AD = HOA
(Video clip)
Horley et al. [54] AD = 20 HOA = 20 Anger, happy, sad, surprise Prosody Naming AD < HOA





Matching AD = HOA (cartoon drawing)
Match prosody to face AD < HOA (cartoon drawing)
Naming AD = HOA (prosody)
Naming AD < HOA (face, gestures,
body movements)
Lavenu et al. [4] AD = 20 HOA = 12 Happy, sadness, fear, surprise,
anger, disgust, contempt
Face Discrimination AD = HOA
Naming AD < HOA (fear and
contempt)
Ogrocki, Hills & Strauss [33] AD = 17 HOA = 15 Anger, happy, sadness,
neutral
Face Naming AD = HOA
Phillips et al. [20] AD = 27 HOA = 30 Happy, sadness, fear,
surprise, anger, disgust
Face Discrimination AD < HOA
Naming AD < HOA
Roberts et al. [25] AD = 20 HOA = 11 Surprise, anger, sadness Prosody Naming AD < HOA
Roudier et al. [21] AD = 31 HOA = 14 Happy, anger, sadness, neutral Face Discrimination AD = HOA
Selection AD < HOA
Naming AD < HOA
Shimokawa et al. [17] AD = 25 HOA = 12 Anger, happy, sadness,
surprise
Cartoon drawing Matching/Selection AD < HOA
Spoletini et al. [31] AD = 50 HOA = 50 Happy, sadness, anger, fear
disgust, neutral
Face Naming AD < HOA
Taler et al. [36] AD = 10 HOA = 10 Anger, happy, sad Prosody Naming AD < HOA
Testa et al. [34] AD = 27 HOA = 20 Happy, surprise, sadness,
anger, neutral, disinterested
Prosody Discrimination AD < HOA
Naming AD < HOA
Werheid et al. [69] AD = 18 HOA = 18 Happy, neutral, anger Face Naming AD = HOA
Zaitchik et al. [26] AD = 20 HOA = 20 Sadness, happy Stories listening Naming AD < HOA
Note: aAD < HOA means that AD patient’s emotional performances were significantly lower than HOA. AD = HOA means that AD patients emotional performances were similar from those of
HOA.
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an index that considers the cognitive impairment level
as assessed by the Mini-Mental State Examination
(MMSE) [35]. Despite a few studies suggesting no
strong relationship between MMSE scores and emo-
tional performance in AD [21, 25, 36], a significant
correlation was revealed by other authors [14, 20].
Finally, a wide panel of affective disturbances char-
acterizing AD patients [3, 37] was suspected to be
associated with the ability to decode emotion [25,
34, 38]. In particular, depression symptoms were sug-
gested to interfere with the ability to process emotional
information [25], as confirmed in studies of patients
with major depression and bipolar disorder [39].
In the present study, we therefore conducted a
comprehensive meta-analysis of existing studies on
emotional decoding abilities in AD. We included 23
studies in which the performances of AD patients were
quantitatively compared with those of HOA, and we
calculated effect sizes corresponding to the change in
emotional decoding ability. Our first goal was to quan-
tify the magnitude of the deficit by dealing with the
statistical power issue (small effect size used in clinical
studies) [40]. The second goal was to examine whether
or not the presence and size of a deficit depends on
the characteristics of the tasks used to assess emo-
tion decoding (i.e., task design, stimuli, emotion) and
on the characteristics of the AD samples (i.e., cog-
nitive status, depression symptoms). Regarding task
features, we expected that AD patients would be sig-
nificantly impaired regardless of the task used (i.e.,
matching, selection, discrimination, naming), as the
underlying cognitive processes involved in each task
are thought to be affected in the disease. However,
as processing demands could vary between tasks, we
were also interested in assessing the extent to which
the task used could moderate the size of the deficits
in AD patients. Another task feature that could mod-
erate the size of these deficits is the kind of stimuli
involved. For this purpose, we compared the more
widely used stimuli in the literature (i.e., audiotaped
story, face, cartoon drawing, video clip, and prosody)
with each other. We expected to observe a lower deficit
for decoding stimuli that are more likely involved in
the realistic situations an individual may encounter in
the natural environment [12]. Stimuli such as prosody,
video clips, or audiotaped stories are potentially eas-
ier to decode than cartoon drawings or standardized
faces that may present less realistic information. In
addition, the richness of the emotional stimuli could
potentially influence the findings. Stimuli providing a
context in which additional emotional cues are avail-
able could modulate the ease of decoding emotions
[15]. Thus, we hypothesized that the effect size could
be modulated by the stimuli being considered. Regard-
ing the specific emotions involved in the decoding
tasks, we expected to confirm findings from the exist-
ing literature indicating that the ability to decode some
emotions are preserved in AD (e.g., happiness, disgust)
and that patients are particularly impaired in decoding
fear emotions.
In addition, we attempted to assess to what extent
the expected lower emotional decoding performances
of AD patients compared with those of HOA could
be attributed to changes in the global cognitive sys-
tem that characterizes AD patients, as well as to their
depression symptoms. We expected that AD patients’
deficits would be lower when between-group1 dif-
ferences in cognitive status are controlled for, and
when between-group differences in depression symp-
toms are controlled for. Moreover, consistent with the
hypothesis of a primary impairment in emotion decod-
ing abilities, we also expected AD patients’ emotional
decoding performance to remain significantly lower
than those of HOA when the influence of the two
potentially confounded variables is controlled. Finally,
we tested the hypothesis that AD patients’ deficits in
emotion decoding significantly correlate with the pro-




Studies were identified through a computerized
literature search of the PubMed, PsycARTICLES,
PsychINFO, Dissertation Abstracts International, and
Psychology and Behavioral Sciences Collection
databases from 1989 through September 2011. We
used the most inclusive combination of terms, as fol-
lows: “emotion* AND Alzheimer.” More than 1,400
references were retrieved. A brief review of the
abstracts for all the references indicated that 79 articles
and nine dissertations reported at least one experi-
ment in which the performance of emotion decoding
abilities in AD patients might have been compared
with the performance in HOA. None of the disserta-
tions could be obtained from electronic databases or
from their author following our request by email. We
simultaneously sent a request for unpublished stud-
ies by email to the mailing list for the International
1 In this article, between-group differences refer to differences
between AD patients and HOA.
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Fig. 1. A framework of potential factors modulating emotional decoding performances in AD. Emotional decoding abilities were tested to
discover whether there is a deficit in AD for emotional decoding performance compared with HOA. The emotional task design was tested across
the type of emotional task, the stimuli, and the emotion used. To assess the extent to which the expected lower emotional decoding performance
is modulated by the characteristics of AD participants, we investigated the affect of cognitive impairments by controlling for the deficit in
cognitive status in AD patients and measuring the correlation of emotional performance with dementia severity. The assessment of the influence
of the affective state in emotional performance was measured by controlling for depression symptoms.
Society for Research on Emotion and to the French
list of researchers and clinicians in psychology on the
Psy-16 mailing list. Our call for unpublished studies
gave us access to three additional references (a disser-
tation, two master’s degree dissertations, and an oral
communication). We then read the 79 reports available
in French or English.
Complete coverage of relevant studies was ensured
by checking whether the papers referenced in a syn-
thesis of the literature on emotion perception in
AD [19], as well as in every study we included in
the meta-analysis, have already been located dur-
ing the computerized search. No additional reference
emerged, supporting the validity of our literature
search procedure.
Inclusion criteria
We examined all of the references to determine
which studies were eligible for inclusion in the meta-
analysis. To be included, every study had to meet the
following criteria: (a) report original empirical data; (b)
include a pathological sample of AD patients (diag-
nosed using the criteria recommended either by the
National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association (NINCDS/ADRDA)
[41], or by the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV)
[42], patients with mild cognitive impairment were
not included); (c) compare AD with age-matched
HOA; (d) include at least one measure of explicit
emotional decoding performances (given the mem-
ory deficits that characterize AD patients, we were
interested in emotional decoding tasks involving only
minimal short-term memory load; thus, only emotional
decoding tasks requiring the participant to respond
during or immediately after stimuli presentation were
included [38, 43]; (e) include at least one of the six
basic emotions [44]; and (f) contain enough statistical
information to compute or reconstruct an effect size of
the difference between AD patients and HOA in the
performance obtained on emotional decoding tasks.
Useful information includes means and standard devi-
ations, t tests, F tests, r values, χ2 values, proportions,
and exact p values derived from one-way tests com-
paring the performances of AD patients and HOA. It
excludes statistics obtained from analyses that include
additional variables, such as multiple regressions and
factorial analyses of variance, when one or more of the
nonfocal factors are individual difference factors [45,
46].
When a study met all the inclusion criteria but
the paper lacked some of the statistical information
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necessary to compute an effect size, the missing data
were requested from the authors. We also asked for
the statistical information necessary to compute an
effect size for each emotion separately, whenever the
information was not already communicated in the
research report. Information concerning the popu-
lation characteristics was also requested (i.e., score
related to MMSE or dementia severity, depression
symptoms, and perceptive abilities), as well as the
information necessary to compute an effect size con-
trolling for between-group differences on any of these
variables.
Recorded variables and coding
Many studies involved several tasks and several
emotional stimuli on which the performance of AD
patients and HOA were compared. As a result, several
effect sizes could be obtained from each study. For
the purposes of the meta-analysis, each effect size was
coded along with information describing the popula-
tion characteristics, as well as the kind of emotional
decoding task used, the stimulus and modality used,
and the emotions involved.
Population characteristics
Each effect size was recorded along with several
characteristics of the HOA and AD samples. Popu-
lation characteristics included (a) sample sizes, (b)
age, (c) information related to cognitive status, (d)
information related to depression symptoms, and (e)
information related to the severity of the disease.
Concerning the information related to cognitive sta-
tus, two cognitive variables were considered: global
cognitive functions and perceptual abilities. We used
the MMSE as an index of global cognitive function.
Perceptual abilities were measured through nonemo-
tional matching and discrimination tasks [19]: the
Benton Test of Facial Recognition [47], the facial
gender discrimination task [38, 43], and the identity
discrimination tasks of the FAB [24].
Concerning the information related to depression
symptoms, several indicators of mood disorders were
considered. The Hamilton Rating Scale for Depres-
sion [48], the Geriatric Depression Scale [49], the
Cornell Scale for Depression in Dementia [50], depres-
sion severity derived from the Cambridge Examination
for Mental Disorders of the Elderly [51], or the Beck
Depression Inventory [52] were coded.
The severity of the disease was assessed using AD
patients’ MMSE scores. Other indicators of dementia
severity (e.g., CDR scores) were too rarely reported
in the studies to be used as moderator variable in the
present meta-analysis.
Control for cognitive impairment and depression
Each effect size was recorded along with a vari-
able representing whether it was derived from a design
which did versus did not control for cognitive status.
Between-group differences in cognitive status were
considered to be controlled for when an indication
was made of nonsignificant between-group differences
in either perceptual skills or global cognition in the
study the effect size came from. In addition, between-
group differences were considered to be controlled
for each effect size that resulted from a statistical
design where the impact of either perceptual skills
or global cognition on emotional decoding perfor-
mance was controlled by treating that variable as a
covariate. Between-group differences in cognitive sta-
tus were considered as not being controlled when two
conditions were met: (i) an indication was made of sig-
nificant between-group differences in perceptual skills
and global cognition favoring HOA in the study the
effect size came from, and (ii) no action was made
during statistical analyses to control the impact of
these cognitive variables on emotional decoding per-
formance.
In addition, each effect size was recorded along with
a variable representing whether or not between-group
differences in depression symptoms were controlled
for when the authors examined the between-group
differences in emotional decoding performances cor-
responding to that effect size. We used the same
procedure we used for the control of cognitive status.
The indication that nonsignificant differences were
found between AD patients and HOA on one vari-
able (i.e., global cognition, perceptual abilities, or
depression) required special consideration related to
statistical power issues. In the present meta-analysis,
studies showing nonsignificant differences on a vari-
able were considered as controlling for between-group
differences on that variable only when enough power
was reached to detect potentially significant differ-
ences. To determine whether or not each study had
enough power to detect existing between-group dif-
ferences on a variable, a first step was to determine
the mean effect size of between-group differences
on this variable. To our knowledge, no meta-analysis
exists that provide a global standardized mean differ-
ence between AD patients and HOA on depression
symptoms, perceptual skills, or global cognition. Con-
sequently, we used the data recorded in the present
meta-analysis to compute the three required mean
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effect sizes. A second step consisted in computing the
statistical power of each study to detect differences
between AD patients and HOA corresponding to the
computed mean effect sizes. When a study indicated
that nonsignificant differences were found between
AD patients and HOA on one variable (e.g., depres-
sion), we used the G*power program [53] to determine
the power achieved by this study to detect differences
between two independent means (e.g., AD patients and
HOA’s depression scores) given the computed mean
effect size (e.g., standardized mean difference between
AD patients and HOA on depression symptoms), the
study sample size, and ! = 0.05. In cases in which the
statistical power was not sufficient, this information
was not coded.
Emotional decoding tasks
Inspired by the FAB [24], we classified four main
emotional tasks: naming (with or without emotional
label), selection, matching, and discrimination. In the
emotional naming task, the participant is presented
with an emotional stimulus (e.g., prosody, face) and
has to name it. Depending on the specific task being
considered, the name has to be either spontaneously
and verbally produced, or selected from a set of labels.
When selected, the name is given either orally or by
pointing to its label. In the emotional selection task,
subjects are given the name (orally) or a printed label
(visually) of an emotion and asked to select, from a
set of various emotional stimuli (e.g., face, prosody),
the stimuli that corresponds to the target emotion. In
the emotional matching task, subjects are shown an
emotional target and asked to match it with one of sev-
eral alternatives. Emotional matching tasks most often
involve identical stimuli (e.g., both the target and the
alternatives are faces). Emotional matching tasks also
encompass matching emotional prosody to emotional
faces tasks, which requires the participant to listen
to an audiotaped sentence spoken with an emotional
prosody; they are asked at the same time to point to
the emotional face that corresponds to the emotional
prosody of the speaker. Tasks that involved match-
ing faces to emotional prosody were excluded, as they
entail some memory load [24]. Finally, in the emotion
discrimination task, a discrimination task requires the
participant to look at pairs of visual stimuli or to lis-
ten to two emotional prosodies and to indicate whether
the emotions shown or listened to are the same or dif-
ferent. We also considered as emotion discrimination
tasks those tasks in which the subject is presented with
an emotional and a neutral stimulus and must indicate
which stimulus is emotional.
As semantic relatedness could affect performances
on emotional prosody tasks using either congruent or
incongruent semantic content [22, 36, 54], we coded
only prosody tasks in which the emotional content
was semantically neutral, which is recommended in
order to minimize the impact of the semantic on the
emotional prosody detection.
Tasks necessitating the repetition or elicitation of an
emotional prosody have also been used in one study
[25]. Being hardly ever used in the literature, these
two tasks were not coded in the present meta-analysis.
Stimuli
We chose to separate emotional stimuli into five
groups: face, prosody, cartoon drawing, audiotaped
story, and video clip. The stimuli were also coded as
being auditory, visual, or audiovisual.
Emotions
Only the emotions included in Paul Ekman’s list
were included in the present meta-analysis and were
coded as such (i.e., fear, happiness, anger, surprise,
sadness, disgust, shame, contempt, amusement, sat-
isfaction, discomfort, excitation, guilt, pride in the
success, relief and sensory pleasure) [44].
Publication form
We recorded the form in which each study report-
ing one or more effect sizes was published (published
article or unpublished study).
Individual effect sizes
The effect size used in our meta-analysis was the
standardized mean difference in scores between HOA
and AD patients on measures of emotional decoding
abilities. It is indexed by Cohen’s standardized differ-
ence, g, which corresponds to the difference between
the two sample means divided by the pooled standard
deviation [45]. To compute g-values, we recorded the
mean scores and standard deviation obtained by AD
patients and HOA that were reported by the authors.
Some studies comparing the emotional decoding per-
formances of AD patients and HOA did not report
means and standard deviations. In these cases, t-, F-, or
χ
2
-values were used to compute g using the formulae
described by Johnson and Eagly [45]. A positive g-
value indicates better decoding performances in HOA
compared with those in AD (i.e., when error scores
were used, the g-value was reversed, so that a posi-
tive g-value still indicates better performance in HOA).
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Finally, when reported, the significance status associ-
ated with each effect size estimate was recorded.
All the studies were coded independently by the first
two authors. Agreement for the categorical modera-
tors was indexed by kappa coefficients, which ranged
from 0.95 to 1.00, indicating a high level of agreement
[55]. The coders’ initial ratings of effect size values
were different for only three effect sizes of 212. All
disagreements were resolved through discussion.
Analytical procedures
Effect size calculations
As recommended in the literature [45, 56–59], each
g-value was corrected to provide an unbiased estimate
of the population effect size using the J(m) correction
[56]. The corrected effect size index is referred to as
Hedges’ d.
In order to preserve the independence of the effect
sizes involved in our analyses, we applied the shift-
ing unit method [60], which involves shifting the unit
of analysis (samples, moderator modalities) according
to the hypothesis being tested. The global mean effect
size analysis involved one effect size per independent
sample, whereas each moderator analysis involved one
effect size per moderator modality within each sample.
This method provides a good compromise between
preserving the independence of the effect sizes and
retaining a maximum amount of information from each
study.
In addition, several studies included two indepen-
dent groups of AD patients that were compared with
a common group of HOA [25]. In order to preserve
the independence of the effect sizes, for each analysis,
one AD sample was randomly selected from the AD
samples having control subjects in common. Only the
effect sizes contributed by the selected sample were
included in the analyses. This procedure was also used
for an article that described a study that was partly
conducted on AD and HOA samples used in a study
reported in another article [61].
Data analyses
We assumed there would be some variability in
the individual effect sizes because of random dif-
ferences among the participants in each study and
systematic (due to the moderators) and random dif-
ferences between the studies. Consequently, we tested
the statistical significance of the mean effect size using
random-effects model, and we performed the modera-
tor analyses using a mixed-effects model. Although
conservative, these statistical models allowed us to
extend our inferences to the universe of studies from
which the study sample was drawn, rather than just to
the studies included in the sample [56, 58]. To ensure
that effect-size estimates resulting from large sample
sizes had a greater weighting than effect-size estimates
from smaller samples, each d-value was weighted by
multiplying its value by the inverse of its variance,
which is strongly correlated with sample size [57].
The effects of categorical moderators were analyzed
by using analysis of variance (ANOVA) analog analy-
ses in which the QB statistic is used to test whether the
individual effect sizes associated with each modality
differ significantly in their mean. QB has a chi-squared
distribution and is analogous to an F test. The effect of
continuous moderators was analyzed using weighted
generalized least square regressions with the method-
of-moments estimation method. All analyses were
carried out by using Wilson’s SPSS for Windows Meta-
Analysis Macros [62].
For each analysis, the leverage statistic was used to
identify outliers within that set of effect sizes [63, 64].
Any outliers detected were Windsorized to their nearest
effect size [58] and their weight recomputed. As well,
we looked for extreme cases within the set of effect size
weights. Any effect size whose weight was identified
as being an outlier had its weight replaced with the
nearest weight given the actual effect size value.
Power analyses
In order to retrospectively estimate the statistical
power of the moderator analyses, we used the proce-
dures for mixed-effects tests of moderators described
by Hedges and Pigott [65]. These calculations were
based on two-tailed inferential tests, observed sample
sizes and between-studies variance components, and
prespecified effect size. We computed the power of
the moderator analyses to detect a small, medium, and
large effect [66]. The statistical power of the modera-
tor analyses that did not have sufficient power to detect
small effects (i.e., power < 0.80) are indicated in the
text.
Assessment of potential publication bias
A funnel plot was used to assess the possibility that
selection biases due to publication biases affected our
results. A funnel plot is a plot of effect size against
sample size. If there is no bias, the distribution resem-
bles a symmetrical inverted funnel. Bias against the
selection of unexpected findings leads to an asymmet-
ric distribution in which unexpected effect sizes (i.e.,
negative in the case of the present meta-analysis) are
lacking. Biases against the selection of nonsignificant
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findings are indicated by distributions in which small-
sample studies are lacking in the region representing
small effect sizes [67].
RESULTS
Descriptive data
The literature search yielded 24 papers presenting
23 studies in which the emotion decoding perfor-
mances of AD patients were compared with those of
age-matched HOA. The 23 studies reported 212 sep-
arate effect sizes based on 24 AD patient samples
matched with HOA. One study included two inde-
pendent groups of AD patients that were compared
with a common group of HOA. The meta-analysis
database thus contained 23 independent matched pairs
of AD/HOA samples. The 212 individual effect sizes
are presented in our Supplementary Material (available
online: http://www.j-alz.com/issues/32/vol32-1.html
#supplementarydata03), along with the characteristics
that we coded. In total, 435 AD patients (mean age = 76
years, mean MMSE scores = 17.91) participated in
these studies and were compared with 394 HOA (mean
age = 74 years). Individual effect sizes were reported
for samples sizes ranging from 6 to 50 AD patients
(Mdn = 17.5) and 10 to 50 HOA (Mdn = 14).
The presence of a potential selection bias against
either nonsignificant or negative effect sizes was
assessed by using a funnel plot. With the exception
of three extreme individual effect sizes on the right
side of the distribution, which contributed to inde-
pendent effect sizes that were diagnosed as outliers
in every subsequent analysis and were consequently
Windsorized, the distribution resembled the expected
inverted funnel. The funnel plot did not indicate that
nonsignificant findings had been excluded. In fact,
many small effect sizes were reported by studies on
the basis of small sample sizes. Moreover, the symme-
try of the funnel plot indicates that a bias toward the
nonpublication of results showing better performance
of AD patients compared with that of HOA is unlikely.
Thus, selection bias is not likely to have influenced the
results.
Global mean effect size
Two outliers were detected and Windsorized to
their nearest neighbors. The 23 independent effect
sizes ranged from 0.26 to 2.00. The weighted mean
d was 0.98, with a 95% confidence interval (CI) from
0.80 to 1.17, indicating that AD patients are signifi-
cantly impaired in emotion decoding compared with
HOA. Moreover, this is a large effect size according to
Cohen’s guidelines for the magnitude of d [68]. The
homogeneity statistic Q indicated a marginally sig-
nificant heterogeneity of the individual effect sizes,
Q(22) = 31.67, p = 0.08.
Moderators related to the emotional task design
Concerning the emotional task, we hypothesized
that the AD deficit would be apparent regardless of the
kind of task used to assess emotional decoding abilities
(i.e., naming, selection, matching, and discrimination).
In addition, we were interested in exploring whether
the kind of task used could account for some of the het-
erogeneity detected among the effect sizes included
in the global mean effect size analysis. For this pur-
pose, we performed an ANOVA-analog analysis on
the effect sizes associated with the four kinds of tasks.
As expected, the results indicated that the mean effect
sizes were significant regardless of the task (Table 2).
Moreover, the kind of task used did not moderate the
size of the mean effect sizes (Table 2). It should be
noted that the ANOVA-analog analysis had sufficient
Table 2
Number of effect sizes, weighted mean effect size, confidence inter-
val, and ANOVA analog test of effect size homogeneity for each
moderator
Moderator k Weighted 95% CI QB
mean d Lower Upper
Task 1.81
Selection 3 1.11 0.67 1.55
Matching 4 1.03 0.64 1.42
Naming 19 0.95 0.78 1.12
Discrimination 7 0.80 0.52 1.08
Modality 1.96
Visual 18 1.04 0.83 1.24
Auditory 8 0.76 0.44 1.09
Stimulus 1.85
Drawing 2 1.25 0.62 1.88
Face 16 1.01 0.78 1.24
Prosody 7 0.79 0.42 1.15
Emotion 5.64a
Fear 10 0.81 0.56 1.06
Sadness 9 0.79 0.53 1.05
Disgust 6 0.67 0.35 0.99
Anger 12 0.65 0.43 0.87
Happiness 13 0.52 0.31 0.73
Surprise 5 0.43 0.08 0.78
Control of cognitive status 3.80*
No 5 1.16 0.87 1.44
Yes 5 0.75 0.44 1.05
aOmnibus test statistic; *p < 0.05.
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statistical power for detecting medium to large effects,
although it lacked the statistical power for detecting
small effects (<0.22).
Concerning the stimulus, only one study (yielding
one independent effect size) included in the present
meta-analysis assessed the participants’ decoding abil-
ities by using a story as the stimulus. As well, only
one study (one independent effect size) used a video-
taped emotional stimulus. Consequently, these two
modalities were excluded from the present modera-
tor analysis, leaving the moderator variable stimulus
with three modalities: face, prosody, and drawing. The
independent effect sizes associated with these three
modalities were subjected to an ANOVA-analog anal-
ysis. The results indicated that the mean effect sizes
were significant regardless of the stimulus used in the
emotional decoding tasks and were not significantly
different from each other (Table 2). It should be noted,
however, that this analysis did not have enough statis-
tical power to detect small to medium effects (<0.77).
Concerning the modality, only one study (yielding one
independent effect size) included in the present meta-
analysis assessed the participants’ decoding abilities
by using an audiovisual modality as the stimulus, and
only the visual and auditory modalities were tested.
The results of the ANOVA analog analysis indicated
that the mean effect sizes were significant regardless
of the modality involved and were not significantly
different from each other (Table 2). However, the sta-
tistical analysis lacked the statistical power to detect
even large effects (0.72).
Concerning emotions, we hypothesized that AD
patients would be particularly impaired in decoding
fear, whereas the ability to decode disgust and happi-
ness would be relatively preserved. These hypotheses
were tested using planned contrasts. The first contrast
compared Fear to Anger, Surprise, Sadness, Happi-
ness, and Disgust considered together (C1, 5/6 −1/6
−1/6 −1/6 −1/6 −1/6). The second contrast com-
pared, within C1, Happiness and Disgust to the other
emotions within C1 (C2, 0 2/5 2/5 2/5 −3/5 −3/5).
Three additional orthogonal contrasts were created to
complete the representation of the Emotion modera-
tor (C3, 0 2/3 −1/3 −1/3 0 0; C4, 0 0 1/2 −1/2 0 0;
C5, 0 0 0 0 1/2 −1/2). As expected, the standardized
mean difference between AD and HOA in decoding
fear was significant, and it corresponded to the largest
mean effect size (Table 2). However, despite sufficient
statistical power, it was not significantly higher than the
effect sizes associated with the other five emotions con-
sidered together. Contrary to our expectations, neither
the decoding of happiness nor the decoding of disgust
corresponded to the smallest effect sizes. Moreover,
the decoding of happiness and disgust were signifi-
cantly impaired, as was the case for the other three
emotions.
Moderators related to the control of confounded
variables
For the control of between-group differences in cog-
nitive status, we expected the mean effect sizes to be
larger when obtained from methodological or statis-
tical designs in which between-group differences in
cognitive status are present and significant rather than
controlled for. As explained in the Recorded variables
and coding section, the indication that nonsignifi-
cant differences were found between AD patients
and HOA on one indicator of cognitive status (i.e.,
global cognition and perceptual abilities) required spe-
cial consideration related to statistical power issues.
To determine whether or not each study had enough
power to detect existing between-group differences on
each indicator of cognitive status, we first determined
the mean effect size of between-group differences
on each indicator. We then computed the statistical
power of each study to detect differences between AD
patients and HOA corresponding to the mean effect
sizes just determined. Studies showing nonsignificant
differences on an indicator were considered as control-
ling for between-group differences on that indicator
only when enough power was reached to detect poten-
tially significant differences. Studies lacking statistical
power were not coded as either controlling or not con-
trolling cognitive status.
Statistical power to detect differences
in perceptual abilities
Eleven studies included in the present meta-analysis
provided enough data to compute standardized mean
differences in scores between HOA and AD patients
on measures of perceptual abilities. A random-effects
model meta-analysis of the 11 independent effect sizes
indicated a significant weighted mean effect size favor-
ing the HOA, d = 1.03, 95% CI [0.76, 1.29]. Among the
three studies reporting no significant between-group
differences in perceptual abilities, only one study (one
independent effect size) had enough statistical power
to detect the computed mean effect size and was coded
as controlling for between-group differences in percep-
tual skills. Three other independent effect sizes were
coded as such because they were derived from analy-
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ses in which scores obtained on perceptual tasks were
entered as covariates.
Statistical power to detect differences in global
cognitive function
Seventeen studies included in the present meta-
analysis provided enough data to compute standard-
ized mean differences between the MMSE scores
of HOA and AD patients. A random-effects model
meta-analysis of the 17 independent effect sizes indi-
cated a significant weighted mean effect size favoring
the HOA, d = 2.54, 95% CI [2.19, 2.90]. One study
reported no significant between-group differences in
MMSE scores, and the power analysis that we con-
ducted indicated that this study had enough power to
detect the computed mean effect size. Thus, this study
was coded as controlling for between-group differ-
ences in global cognition.
The five effect sizes that we coded as controlling
between-group differences in either global cognition
function or perceptual abilities were compared with
the five independent effect sizes coded as controlling
between-group differences in neither global cognition
nor perceptual abilities. As the results presented in
Table 2 indicate, the effect sizes obtained from designs
controlling for between-group differences in cogni-
tive status were, on average, significantly smaller than
the effect sizes obtained from designs in which AD
patients’ perceptual performances and MMSE scores
were significantly lower than those of HOA.
Concerning the control of between-group differ-
ences in depressive symptoms, we expected the mean
effect sizes to be larger when obtained from method-
ological or statistical designs in which between-group
differences in depressive symptoms are present and
significant rather than controlled for. Unfortunately, we
were not able to test this hypothesis, as the database
contained only one independent effect size obtained
from a design in which AD patients had significantly
higher depression scores than those of HOA [69].
Relation with dementia severity
Concerning the correlation with dementia severity,
we expected the individual effect sizes to increase with
decreasing AD patients’ MMSE scores. The results of
the meta-regression analysis indicated that the stan-
dardized mean differences between AD patients and
HOA in decoding performances were negatively cor-
related, although not significantly so, with AD patients’
MMSE scores, ! = −0.27, p = 0.22.
DISCUSSION
Emotional disturbances present in dementia are of
considerable interest [70]. Everyday social life requires
correct perception and interpretation of different emo-
tional cues for adequate behavior in social contexts.
The ability to interpret nonverbal emotional cues thus
plays an important role in maintaining successful rela-
tionships and healthy psychological functioning [71].
In the context of AD, this ability may also influ-
ence important indicators of well-being and predict
the quality of life [20]. Our meta-analysis confirms
that the deficit in emotional decoding ability in AD
patients is large and significant. Moreover, the results
indicate that the deficit is significant in all the condi-
tions that we considered. AD patients are significantly
impaired in decoding emotions regardless of the task
used, the stimuli involved, the emotion to be processed,
and the severity of the disease. This emotional dis-
turbance seems therefore to constitute a major and
robust disorder in AD, providing a potential diag-
nostic value that can be used in existing clinical
settings. A deficit in emotional decoding is in fact
suspected to contribute to social function impairment,
including poor communication, decreased interper-
sonal relatedness, or inappropriate social behavior in
AD patients [14, 72]. Therefore, the deficit in AD
patients’ emotional decoding abilities deserves bet-
ter comprehension and more detailed explanation.
In this study, we examined two main factors that
may modulate the findings: one related to the task
design and the other to participants’ characteristics
(Fig. 1).
Four classical paradigms are used to measure
emotional decoding (i.e., emotional naming, discrimi-
nation, selection, matching). Despite the suggestion by
several authors that emotional tasks could vary in their
complexity level (for discussion, see [22]), the results
from our meta-analysis suggest that patients show
impaired performances independently of the nature
of the task. Emotional tasks involve underlying pro-
cesses that are thought to be varied across emotional
decoding tasks [20]. Indeed, an emotional naming
task may involve a higher executive load in order to
make a decision about the name of the emotion pre-
sented, whereas an emotion discrimination or matching
task may require more visuospatial abilities [12, 20].
Given the massive changes affecting several cognitive
domains (e.g., memory, visuospatial abilities, execu-
tive functions) and the relationship between cognitive
processes and emotional decoding [73], completing
these emotional tasks may place AD participants in
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a cognitively vulnerable position that is independent
of the task considered. Additionally, given the overlap
between the neural structures affected by AD pathol-
ogy and the areas thought to be implicated in emotional
decoding tasks, it is not surprising to observe that
deficits are not restricted to one kind of emotional task.
Severe lesions in the right anteromedial temporal lobe
[74], amygdala [75], frontal regions (e.g., orbitofrontal
cortex) [76], and anterior cingulate region [77] are
followed by a decline in emotional decoding perfor-
mance. As a result, the neuroanatomical changes in
the frontal area and, more specifically, the limbic sys-
tem in AD [1, 78–80] could lead to a deficit across all
of the emotional tasks that assess this area of emotion
processing.
Regarding the type of stimuli and modalities, no sig-
nificant differences emerge. To date, static photographs
of faces have been thought to lack sufficient realistic
information to allow AD patients to accurately decode
emotions [12]. The ability of AD patients to decode
emotions should be better when they can integrate
information about emotional cues from several modal-
ities (e.g., visual and auditory) within the context of
environment cues [11, 15]. Nonetheless, such differ-
ences were not observed in our meta-analysis. One
considerable limitation is that the statistical analysis
lacked sufficient power to detect an effect. Indeed,
the existing literature lacks data about how AD par-
ticipants decode emotions from stimuli with greater
ecological value, such as stimuli that encompass sev-
eral emotional cues and/or dynamic stimuli [15].
A main finding from our work is that the decline in
emotional decoding abilities was significantly reported
in AD for all emotions. Recent neuroimaging findings
support the hypothesis that the emotional network is
impaired in dementia. In particular, there is converg-
ing data in favor of neuropathological and functional
amygdala lesions in AD [9, 78, 79, 81–87]. One clas-
sical approach has associated amygdala functioning
with fear processing (see [88–91] for meta-analysis).
Consequently, in the context of AD, some authors have
hypothesized that fear could be altered more than other
emotions [31]. However, another suggestion has been
defended in which relevance detection in the sequen-
tial cognitive appraisals that induce emotion has been
attributed to the amygdala [92, 93]. In this approach,
the amygdala is involved in the elicitation of a wide
range of emotions, which can explain why the deficits
in emotional decoding in AD patients are not restricted
to the emotion of fear. These recent findings lend sup-
port to the hypothesis that amygdala lesions could be
related to a deficit in AD patients to extract salient
information from an emotional stimulus rather than to
a deficit in the processing of fear only [93]. Future
studies should confirm this hypothesis.
In the second part of this study, we examined
the implication of cognitive skills in the emotional
decoding performances of AD patients. We made the
assumption that a decline in performance on emotional
tasks in AD patients does not necessarily indicate a
primary impairment in emotional decoding abilities,
but rather indicates cognitive impairments that impact
global performances [10, 12, 16, 21–23, 29, 33]. The
present meta-analysis demonstrates that a deficit in
emotional decoding in AD remains present even when
the cognitive status of AD patients and HOA is equiva-
lent. However, it is possible that the deficit in emotional
decoding in AD patients is related to other cognitive
impairments that were not taken into account or only
partially taken into account in our control analysis for
cognitive status. It could also be supposed that AD
patients are impaired in emotional decoding abilities as
a result of specific emotional impairments. In addition,
we found that there is a significant difference between
the mean effect sizes with control for cognitive status
and the mean effect size without such control. This
suggests that the cognitive deficits of AD patients con-
tribute to the deficit in emotional decoding abilities and
shows how important it is to control for cognitive skills
when exploring emotional decoding abilities in AD.
Several studies have repeatedly highlighted the pres-
ence of depression symptoms in AD [94–96], and these
affective disturbances constitute a risk factor for its
development [94, 97, 98]. We assumed that emotional
decoding performance in AD might be accounted for
by their depressive symptoms [39]. However, because
of a lack of studies investigating this question, we
were unable to find sufficient evidence to draw any
conclusions. Nevertheless, the association between
affective states (e.g., depression symptoms, agitation,
and irritability) and emotional decoding abilities are
of considerable interest and should be addressed more
systematically.
The hypothesis that an emotional deficit is present
regardless of the stage of the disease has been ques-
tioned in previous work. Across emotional tasks
and procedures, a significant correlation was found
between the MMSE and AD patients’ emotional
decoding performance [14, 20]; three studies, how-
ever, found no significant correlation [21, 25, 36]. In
the present analysis, we found no significant corre-
lation between emotional decoding performance and
increasing dementia severity, as indexed by MMSE
scores. Consequently, our result suggests that the
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ability to decode emotion is poorly predicted by
MMSE scores. This finding allows us to suppose
that instead of there being a primary impairment
in the perception of emotion in AD, the instrument
that measures dementia severity may not be adequate
for measuring the relationship to emotional decod-
ing performances. Disease progression is a function
of deficits in cognitive abilities, which are themselves
expected to contribute to disturbances in emotional
performance [10, 21]. Our result could question the
ambiguous information that results from the MMSE
score. The MMSE score is used to measure the pro-
gression of dementia severity. However, the MMSE is
also a screening instrument for global cognition. Clini-
cal tests developed to specifically measure the severity
of the AD, such as the Clinical Dementia Rating Scale,
should be considered in future to assess the relation-
ship to emotional decoding performance. Integrating
an affective dimension into the MMSE subtests could
be relevant for fine-tuning the clinical diagnosis as our
results have demonstrated a significant deficit in the
ability of AD patients to decode emotion.
In conclusion, to our knowledge, this is the first
comprehensive meta-analysis demonstrating a large
deficit in emotional decoding abilities in AD. This
decline is consistent regardless of the emotional
decoding task, the stimuli, the emotion considered,
or the severity of the disease. Our data permit us to
strongly point out the need to control for cognitive
deficits when exploring emotional decoding abilities
in AD. Researchers who investigate this question in
the future should be particularly aware of this issue. To
date, the number of studies using comparison criteria
regarding healthy aging remains limited, sometimes
resulting in issues of low statistical power. Thus, it
will be interesting to confirm our results in future. This
meta-analysis may motivate interest in standardizing
the methods used to explore emotional processing in
AD. Further investigations that address the limitations
of existing studies are needed to clarify the association
between emotion decoding abilities and the clinical
aspects of AD patients, including the implications
of their affective state and the extent of control of
cognitive skills in several domains (e.g., language
abilities, executive components, and verbal memory).
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Chapitre IV.  Etudes expérimentales portant 
sur la caractérisation fonctionnelle de 
l’atteinte amygdalienne dans la MA 
$
1.  Etude 4 : Expérimentation en comportement portant 
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a b s t r a c t
A decline in the ability to identify fearful expression has been frequently reported in patients with Alz-
heimer’s disease (AD). In patients with severe destruction of the bilateral amygdala, similar difficulties
have been reduced by using an explicit visual exploration strategy focusing on gaze. The current study
assessed the possibility of applying a similar strategy in AD patients to improve fear recognition. It also
assessed the possibility of improving fear recognition when a visual exploration strategy induced AD
patients to process the eyes region. Seventeen patients with mild AD and 34 healthy subjects (17 young
adults and 17 older adults) performed a classical task of emotional identification of faces expressing hap-
piness, anger, and fear in two conditions: The face appeared progressively from the eyes region to the
periphery (eyes region condition) or it appeared as a whole (global condition). Specific impairment in
identifying a fearful expression was shown in AD patients compared with older adult controls during
the global condition. Fear expression recognition was significantly improved in AD patients during the
eyes region condition, in which they performed similarly to older adult controls. Our results suggest that
using a different strategy of face exploration, starting first with processing of the eyes region, may com-
pensate for a fear recognition deficit in AD patients. Findings suggest that a part of this deficit could be
related to visuo-perceptual impairments. Additionally, these findings suggest that the decline of fearful
face recognition reported in both normal aging and in AD may result from impairment of non-amygdalar
processing in both groups and impairment of amygdalar-dependent processing in AD.
! 2013 Elsevier Inc. All rights reserved.
1. Introduction
Cumulative evidence suggests that, parallel to classical episodic
memory deficit, several ‘‘nonmemory’’ declines could occur in the
early stages of Alzheimer’s disease (AD). Specifically, a growing
number of studies have recently focused on emotional processing
in AD patients (Chaby & Narme, 2009; McLellan, Johnston, Dalrym-
ple Alford, & Porter, 2008), showing that a decline could occur in
the earliest stages of the disease (Bediou et al., 2009; Kohler
et al., 2005), including mild cognitive impairment (i.e., MCI; Spole-
tini et al., 2008). Previous studies of emotional processing in AD
have suggested that methodological factors could modulate the
deficit in the context of facial emotion recognition (McLellan
et al., 2008). In particular, performance could be varied across
the type of emotions (Table 1), suggesting that the ability to decode
positive emotions is preserved in both normal aging and AD,
whereas the ability to decode negative emotions is impaired (Gua-
ita et al., 2009; Phillips, Scott, Henry, Mowat, & Bell, 2009; Rosen
et al., 2006).
In the context of negative emotions, it was proposed that the
deficit occurs for specific emotions. A decline in the ability to iden-
tify fear emotions has mainly been demonstrated (Burnham &
Hogervorst, 2004; Drapeau, Gosselin, Gagnon, Peretz, & Lorrain,
2009; Hargrave, Maddock, & Stone, 2002; Henry et al., 2008; Lave-
nu, Pasquier, Lebert, Petit, & Van der Linden, 1999; Phillips et al.,
2009; Weiss et al., 2008; Wiechetek Ostos, Schenk, Baenziger, &
von Gunten, 2011). Recent neuroimaging studies confirm that the
‘‘emotional brain’’ is touched early in AD, with histopathological
and atrophic damage reported in the amygdale (Horinek et al.,
2006; Poulin, Dautoff, Morris, Barrett, & Dickerson, 2011). Func-
tional roles identified for the amygdala (Whalen & Phelps, 2009;
Whalen et al., 1998) support the suggestion that deficits in the
processing of facial emotion recognition should be greater for fear
faces in AD patients.
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Surprisingly, considerable variations in this ability have been
found across AD studies (see Table 1 and Klein-Koerkamp, Beaud-
oin, Baciu, & Hot, 2012). One explanation for this discrepancy has
been that deficits in the identification of emotion increase with
AD severity (Bediou et al., 2009; Spoletini et al., 2008; Weiss
et al., 2008). Most of these studies considered only one AD sample
of mildly affected patients (see Table 1, Mini-Mental State Exami-
nationP18); diminished abilities were, however, shown to further
increase with AD progression. Patients with moderate cognitive
impairments have reduced emotional naming abilities compared
with mildly affected patients (Spoletini et al., 2008; Weiss et al.,
2008) further demonstrated that an early impairment in emotion
decoding abilities of a low-intensity fearful face was already pres-
ent in the setting of mild cognitive impairment (Spoletini et al.,
2008), again emphasizing a selective deficit in the identification
of fear emotions in the initial stage of AD.
A possible explanation for the selectivity of emotion recognition
impairments in AD can be found in face-processing models.
Numerous studies have proposed that modulating specific features
among emotional faces could contribute to a change in reaction
time in the labeling of emotion in healthy subjects (Adams & Kleck,
2003, 2005; Sander, Grandjean, Kaiser, Wehrle, & Scherer, 2007).
For example, a threatening stimulus that displays faces with a di-
rect gaze enhances the perception of anger, whereas displaying
faces with an averted gaze facilitates the perception of fear (Adams
& Kleck, 2003). The eyes thus carry information relevant to per-
ceiving emotion, and this was demonstrated particularly with fear
emotions. As used in the ‘‘bubbles’’ paradigm, authors have dem-
onstrated that the eyes are particularly relevant for discriminating
fear from other emotions (Schyns, Petro, & Smith, 2007; Smith,
Gosselin, & Schyns, 2007). Interestingly, AD patients show difficul-
ties in extracting this crucial emotional information from a visual
stimulus. By measuring eye movements, Ogrocki, Hills, and Strauss
(2000) reported that AD patients spent less time scanning the emo-
tional face and, in particular, fixated less on the eyes area than
healthy older adults (HOAs) did. Although AD patients ‘‘see’’ the
emotional stimuli, they (1) possibly explore their environment less,
or (2) may not cognitively process visual information in the same
way that HOAs do (Daffner, Mesulam, Cohen, & Scinto, 1999; Daff-
ner, Scinto, Weintraub, Guinessey, & Mesulam, 1992; Scinto et al.,
1994). Similar disturbances in identifying facial features have been
observed in autistic disorders (Dawson, Webb, & McPartland,
2005) with particular difficulties in processing the eyes region (Klin,
Jones, Schultz, Volkmar, & Cohen, 2002). As in AD, oculomotor
exploration revealed that autistic patients spent less time on the
eyes region than healthy subjects did (Hernandez et al., 2009). These
AD deficits translated to apparent impairments in facial emotion
identification, which were therefore related to impaired visual
exploration strategies (Ogrocki et al., 2000). Crucially, AD patients
may allocate attention differently to the most salient aspects of
the face (Ogrocki et al., 2000; Scinto et al., 1994).
Moreover, numerous AD researchers have examined visual and
perceptual abilities as a potential cognitive deficit suspected to
interfere with emotional decoding scores (Albert, Cohen, & Koff,
1991; Bucks & Radford, 2004; Burnham & Hogervorst, 2004; Cadi-
eux & Greve, 1997; Guaita et al., 2009; Koff, Zaitchik, Montepare, &
Albert, 1999; Ogrocki et al., 2000; Roudier et al., 1998). They made
the assumption that the emotional deficits are related to a deficit in
visuo-spatial processing or impairment in the ability to visually ex-
tract relevant facial traits. To control visual processing, numerous
researchers have assessed the ability of AD patients to process fa-
cial cues through their ability to process facial identity (Table 1).
Among these control tasks, the Benton Facial Recognition Test
(Benton, 1983), the facial gender discrimination task, and the iden-
tity discrimination tasks of the Florida Affect Battery (Bowers,
Blonder, & Heilman, 1998) are commonly used (Table 1). When
AD patients’ cognitive and perceptual abilities were controlled
for, the deficit in emotional recognition was significantly decreased
using morphing (Maki, Yoshida, Yamaguchi, & Yamaguchi, 2012) or
statistical procedures (see Table 1; Albert et al., 1991; Cadieux &
Greve, 1997; Freedman, Binns, Black, Murphy, & Stuss, 2012; Har-
grave et al., 2002; Henry et al., 2008; Klein-Koerkamp et al., 2012).
This result means, therefore, that AD patients’ emotional perfor-
mances could be improved when perceptual impairments are ta-
ken into account. Nevertheless, none of the previous AD studies
has investigated whether emotional performance could be im-
proved by modulating a patient’s visual exploration strategy. This
assumption is supported by findings from a well-designed study
performed by Adolphs et al. (2005) on a patient (SM) who pre-
sented massive and bilateral damage of the amygdala. SM had a
selective impairment in fear recognition, which disappeared when
she was instructed to judge the facial expression by focusing on the
eyes region. The fact that SM was able to identify fearful faces by
orienting attention on the eyes region highlighted the key role of
the amygdala. In addition to being a structure of fear processing
(Breiter et al., 1996; Fusar-Poli et al., 2009; Morris et al., 1996;
Vuilleumier & Pourtois, 2007; Whalen et al., 2004), the amygdala,
when atrophied, could induce impairment of a visual exploration
strategy (Adolphs et al., 2005), leading to difficulties in the extrac-
tion of salient features of the emotional stimulus.
Congruent with the idea that patients with AD have difficulties
in processing emotions, in particular of fear, we aim to test the
hypothesis that these deficits could be remediated. Knowing the
contribution of visuo-perceptual deficits to emotional performance
in AD (Klein-Koerkamp et al., 2012), we predict that fear recogni-
tion can be improved by modulating the visual exploration strat-
egy, which suggests a deficit in the spontaneous direction of
visual attention to this face region, instead of a loss in the ability
to process emotional information. In the protocol, we presented
faces in two conditions: (a) global, which presents the whole face;
and (b) eyes region-to-face, which presents first the eyes followed
by the other facial regions. Emotion recognition was tested in mild
AD patients as compared with healthy participants (older and
younger adults). We predicted that (a) AD patients would show
impairment of fear recognition in the global condition, and (b)
the deficit would be corrected during the eyes region condition.
To assess the specificity of the eyes region condition, we also as-
sessed the ability of AD patients to recognize angry faces. Most
studies have reported that the recognition of anger was reduced
in HOAs compared with young controls (Calder et al., 2003; Henry
et al., 2008; Maki et al., 2012), but that there was no significant dif-
ference between AD and HOA performance (Table 1; Bucks & Rad-
ford, 2004; Burnham & Hogervorst, 2004; Drapeau et al., 2009;
Fernandez-Duque & Black, 2005; Hargrave et al., 2002; Lavenu
et al., 1999; Weiss et al., 2008; Wiechetek Ostos et al., 2011). Anger
is, however, sometimes more impaired in patients for specific emo-
tional tasks (Bediou et al., 2009; Granato, Godefroy, Van Gansber-
ghe, & Bruyer, 2009; Henry et al., 2008; Maki et al., 2012; Phillips
et al., 2009; Spoletini et al., 2008). On the whole, we expect that the
assessment of anger identification will provide a useful index of
changes in emotion processing during normal aging.
2. Method
2.1. Participants
Fifty-one subjects participated in the study: 17 were patients
with probable mild AD (mean age ± SD: 74.1 ± 4.2 years), 17 were
healthy young adults (mean age ± SD: 21 ± 2.4 years), and 17 were
HOAs (mean age ± SD: 74.1 ± 4.1 years). There were 10 males and
seven females in each group. All subjects were native French
speakers and were recruited in the Neuropsychology Unit at the
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Table 1
Summary of research on the recognition of facial expressions in AD.
Authors Sample size Sample cognitive state Task Control task for perceptual
abilities
Emotions Results
Albert et al. (1991) AD = 19 HOA = 19 MDRS: HOA: 134 MDRS AD: 101 (15) Identity discrimination N AD < HOA
Discrimination H N Sa A AD < HOA; AD = HOAa
Naming H S N Sa D A F AD < HOA; AD < HOAa
Selection H N Sa A AD < HOA; AD < HOAa




N AD < HOA
Naming I H Sh Sa D A C AD < HOA
Bediou et al. (2009) AD = 10 HOA = 50 MMSE HOA: 30 MMSE AD: 21,1 (1,6) Gender discrimination N AD = HOA
Naming D A H F AD < HOA
Naming D; F; H AD = HOA
Naming A AD < HOA
Bucks and Radford (2004) AD = 12 HOA = 12 MMSE HOA: 28 (1), range 27–29
MMSE AD: 18,8 (2,5), range: 12–22
Identity discrimination N AD = HOA
Discrimination H Sa A F N AD = HOA
Matching H Sa A F N AD = HOA
Naming H Sa A F N AD = HOA
Naming H; Sa; A; F; N AD = HOA
Selection H Sa A F N AD < HOA; AD < HOAa; AD = HOAb
Discrimination – Naming –
Selection – Matching
H Sa A F N AD < HOA
Naming + Selection +Matching F; N; Sa; A AD = HOA
Naming + Selection +Matching H AD < HOA
Burnham & Hogervorst
(2004)
AD = 13 HOA = 13 MMSE HOA: 29 (0,8), MMSE AD: 21
(7,3)
Matching H; F; Sa AD < HOA
Matching A; D; S AD = HOA
Cadieux and Greve (1997)d AD sample 1: 8 AD
sample 2 = 10,
HOA = 15
MDRS HOA: 141,2 (2,7) MDRS AD:
122,45 (5,8)
Identity discrimination N AD sample 1 = HOA, AD sample
2 = HOA
Discrimination H Sa A F N AD Sample 1 < HOA, AD Sample
2 < HOA, AD Sample 1 < HOAa AD
Sample 2 = HOAa
Matching H Sa A F N AD Sample 1 = HOA, AD Sample
2 < HOA,
Selection H Sa A F N AD Sample 1 < HOA, AD Sample
2 < HOA, AD Sample 1 < HOAa AD
Sample 2 = HOAa
Naming H Sa A F N AD Sample 1 = HOA, AD Sample
2 < HOA
Drapeau et al. (2009) AD = 7 HOA = 16 MMSE HOA: 27,9 (1), MMSE AD: 23,3
(4)
Naming H; A; S AD = HOA
Naming Sa; F AD < HOA
Fernandez-Duque and Black
(2005)





Gender discrimination H F SA D A ?
Discrimination H F Sa D A S AD < HOA
AD = 9 HOA = 10 MMSE HOA: 29 (0,7), MMSE AD:
!24,08 (2)
Naming H; N; S; Sa; D; F;
A
AD = HOA
Naming H S D Sa F A AD = HOA



































Authors Sample size Sample cognitive state Task Control task for perceptual
abilities
Emotions Results
Freedman et al. (in press) AD = 21 HOA = 31 MMSE HOA: 29,1 (0,9), MMSE AD: 24,6
(3,4)
Naming Benton Facial Recognition
Test
N AD = HOAc
Naming H Sa A N AD = HOAc
Naming H; Sa; A; N AD = HOAc
Garcia Rodriguez et al.
(2009)
AD = 12 HOA = 18 MMSE HOA: 30, MMSE AD: 20,6 Naming H Sa S F A N AD < HOA
Granato et al. (2009) AD = 12 HOA = 12 MMSE HOA: 30 (0,5), MMSE AD: 26
(2,4)
Naming + Matching H A S Sa F D N AD < HOA
Naming +Matching F AD < HOA
Naming + Matching Sa AD = HOA




N AD < HOA
Discrimination H A S Sa F D AD < HOA; AD < HOAa
Matching H A S Sa F D AD < HOA; AD < HOAa
Matching H; A; S; Sa; F; D AD < HOA
Naming H A S Sa F D AD < HOA; AD < HOAa
Naming H; A; D AD = HOA
Naming S; Sa; F AD < HOA




N AD = HOA
Naming H S F Sa D A AD < HOA
Naming D AD = HOA
Naming F; A; H AD < HOA; AD < HOAa; AD = HOAb
Naming S; Sa AD = HOA
Lavenu et al. (1999) AD = 20 HOA = 12 MMSE HOA: 29,5 (0,52), MMSE AD:
22,9 (3,22)
Discrimination A D F H Sa S C AD = HOA
Discrimination A; D; F; H; Sa; S;
C
AD = HOA
Naming A D F H Sa S C AD = HOA
Naming A; D; Sa; S; H AD = HOA
Naming F; C AD < HOA
Maki et al. (2012) AD = 12 HOA = 17 AD = CDR 1 Matching H AD = HOA
Matching Sa; S; A AD < HOA
Matching D; F AD = HOA
Ogrocki et al. (2000) AD = 17 HOA = 15 MMSE HOA: 29,2 (0,7), MMSE AD: 21,8
(3,8)
Naming H Sa A N AD = HOA
Phillips et al. (2009) AD = 27 HOA = 30 MMSE HOA: 29,4 (1,04) range HOA:




N AD < HOA
Discrimination S F A D Sa AD < HOA
Naming H Sa A F D S N AD < HOA
Naming H; D AD = HOA
Naming Sa; A; F; S AD < HOA
Roudier et al. (1998) AD = 31 HOA = 14 MMSE HOA: 26,07 (1,79), MMSE AD:
16,18 (1,69)
Identity Discrimination N AD < HOA
Discrimination H A Sa N AD = HOA
Naming H A Sa N AD < HOA
Selection H A Sa N AD < HOA







































Authors Sample size Sample cognitive state Task Control task for perceptual
abilities
Emotions Results
Naming H Sa A F D N AD < HOA
Naming H; Sa; A; F; D; N AD < HOA
Weiss et al. (2008) Mild AD = 23
Moderate AD: 30
HOA = 35
MMSE HOA: 28,9 (1), MMSE Mild AD:
22,5 (1,5) MMSE Moderate AD: 16,3
(2,7)
Naming H A Sa F N Mild AD < HOA; Moderate AD < HOA
Naming H Mild AD = HOA; Moderate AD < HOA
Naming Sa; N Mild AD < HOA; Moderate AD < HOA
Naming A Mild AD = HOA; Moderate AD = HOA
Weiss et al. (2008) Mild AD = 23
Moderate AD: 30
HOA = 35
MMSE HOA: 28,9 (1), MMSE Mild AD:
22,5 (1,5) MMSE Moderate AD: 16,3
(2,7)
Naming F Mild AD < HOA; Moderate AD < HOA
Werheid et al. (2011) AD = 18 HOA = 18 MMSE HOA: 29,5 (0,7), MMSE AD: 24,6
(2,9)
Naming H N A AD = HOA
Wiechetek Ostos et al.
(2011)
AD = 12 HOA = 12 MMSE HOA: 29,78 (0,5), MMSE AD:
23,48 (3,2)
Naming A; H; Sa AD = HOA
Naming D; F AD < HOA
Note: AD: Alzheimer’s disease. HOA: healthy older adult. H: happiness. Sa: sadness. S: surprise. F: fear. D: disgust. A: anger. N: neutral. C: contempt. I: interest. Emotions separated by ‘‘;’’ indicate that the results are considered for
emotions separately. MMSE: Mini-Mental State Examination. CDR: Clinical Dementia Rating scale. MDRS: Mattis Dementia Rating Scale. DRS: Dementia Rating Scale. Mean (standard deviation) of the MMSE, MDRS, or DRS is
indicated in the sample cognitive state column. AD < HOA means that AD patients’ performances were significantly lower than those of HOAs. AD = HOA means that AD patients’ emotional performances were similar to those of
HOAs. Inspired by the Florida affect battery (Bowers et al., 1998), we classified four main emotional tasks: naming (with or without emotional label), selection, matching, and discrimination. In the emotional naming task, the
participant is presented with an emotional face and has to name it. Depending on the specific task being considered, the name has to be either spontaneously and verbally produced, or selected from a set of labels. In the emotional
selection task, subjects are given the name (orally) or a printed label (visually) of an emotion and asked to select, from a set of various emotional faces, the stimulus that corresponds to the target emotion. In the emotional
matching task, subjects are shown an emotional target and asked to match it with one of several alternatives. Emotional matching tasks most often involve identical stimuli (i.e., both the target and the alternatives are faces).
Finally, in the emotion discrimination task, the participant is required to look at pairs of visual stimuli and to indicate whether the emotions shown are the same or different or which stimulus is emotional. Control tasks for
perceptual abilities were measured through nonemotional matching and discrimination tasks (McLellan et al., 2008): the Benton Test of Facial Recognition (Benton, 1983), the facial gender discrimination task, and the identity
discrimination tasks of the Florida affect battery (Bowers et al., 1998).
a Indicates results in which performances of the visuo-perceptual task (control task for perceptual abilities) were entered as covariates in the analysis.
b Indicates results in which general cognitive performances were entered as covariates in the analysis.
c Indicates results in which age and education and performances of the Benton Facial Recognition Test, MMSE, and executive functions were entered as covariates in the analysis.



































Department of Neurology of Saint Etienne Hospital. The AD pa-
tients were selected after neurological examination, structural
magnetic resonance imaging, and neuropsychological assessment
with criteria of the National Institute of Neurological and Commu-
nicative Disorders and Stroke and the Alzheimer’s disease and Re-
lated Disorders Association for probable AD (McKhann et al., 1984).
The mean Mini-Mental State Examination (MMSE) score of AD
patients (Folstein, Folstein, & McHugh, 1975; Hugonot-Diener, Bar-
beau, Michel, Thomas-Antérion, & Robert, 2008) was 24.6 ± 1.7
(range: 23–28). The healthy young subjects were students at the
Université de Savoie and the healthy older subjects (mean MMSE
score ± SD: 29.2 ± 0.7; range: 28–30) were members of the Univer-
sité Savoisienne du Temps Libre, a French association dedicated to
the diffusion of academic knowledge toward elderly people. They
Table 2
Socio-demographic characteristics and neuropsychological performance.
Neuropsychological score AD patients (n = 17) HOAs (n = 17) Young adults (n = 17)
Age (years ± SD) 74.1 ± 4.2 74.1 ± 4.1 21 ± 2.4
Education
% level 1 12 18 6
% level 2 53 47 47
% level 3 35 35 47
Sex ratio (M/F) 10/7 10/7 10/7
MMSE (M ± SD) 24.64 ± 1.7 29.2 ± 0.7 NA
Short form BFRT 44.9 ± 3.9 44 ± 4.7 NA
Apathy evaluation nurse form 0.17 ± 0.5 NA NA
Praxy (/5 ± SD) 4.58 ± 0.9 NA NA
Cued + free recall (/48 ± SD)a 34.27 ± 6.3 NA NA
Sum of free recall (/48 ± SD)a 11.82 ± 4.3 NA NA
Fluency 14.53 ± 4.9 NA NA
Note. AD = Alzheimer’s disease; HOAs = healthy older adults; education: level 1 = basic school-leaving qualification and vocational training qualification, level 2 = from
secondary school certificate until high school diploma, level 3 = high school diploma and higher education; M = male; F = female; MMSE = Mini-Mental State Examination;
BFRT = Benton Facial Recognition Test; NA = not available.
a Corresponds to subscores of the Grober & Buchke task (1987).
Fig. 1. Experimental procedure.
Fig. 2. Mean of the number of correct responses as a function of emotional expression and visual presentation in young, healthy older adults (HOAs) and patients with
Alzheimer’s disease (AD). The error bar represents the standard error to the mean. a = significant difference between young adults and HOAs, p < .001; b = significant
difference between HOAs and AD patients, p < .001. ER = eyes region condition, GL = global condition.
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were matched to AD patients for age, gender, and education level
(Table 2).
Exclusion criteria included use of antipsychotic medication, his-
tory of severe medical or surgical illness, and other neurological or
visual disorders. In addition, participants with deficits in facial pro-
cessing (score below 37 on the Benton Test of Facial Recognition;
Benton, 1983) and with depressive conditions (score above 15 on
the Geriatric Depression Scale, Yesavage et al., 1983; or above 8
on the Hospital Anxiety and Depression Scale, Zigmond & Snaith,
1983) were excluded from the study. The Regional Ethics Commit-
tee approved the study and all participants gave their informed
consent to participate in it.
2.2. Stimuli
Stimuli were partly those used in previous morphed face dat-
abases (Bediou et al., 2005, 2009). These morphed faces were ob-
tained for each emotional category (anger, fear, and happiness)
and for each individual face (two Caucasian males and two Cauca-
sian females). Two types of photographs were used: the highly in-
tense, corresponding to 100% emotion (anger, fear, and happiness),
and the least intense, corresponding to 0% emotion (neutral).
2.3. Procedure
Stimuli were randomly presented on a computer screen, each
for 1200 ms, preceded by a fixation cross (450 ms) and followed
by a black screen with written words describing five possible emo-
tion labels (happiness, anger, fear, neutral, or other), which was
maintained until the response was provided (Fig. 1). Half of the
stimuli were shown as an integrated, whole face (global condition)
and the other half were shown progressively starting with the eyes
region (eyes region condition). A total of 72 trials were randomly
presented, corresponding to the faces of four individuals presented
three times in each condition. In the eyes region condition, the
gaze was presented for 800 ms and the whole face appeared for
400 ms (1200 ms in total). The screen position of the words was
the same for identical trials and was counterbalanced across par-
ticipants. Participants were required to match each face with the
word that best described the emotional expression of the displayed
face. They gave the response by pressing a manual key with the
dominant hand. Face pictures were trimmed to remove external
features (neck, ears, and hairline). All face pictures were
330 ! 440 pixels. Gaze pictures were built to show only the area
of the eyes. All gaze images were 330 ! 108 pixels. The visual angle
of the image displayed was 18 degrees (at a viewing distance of
30 cm). For each condition, a mean score of correct recognition
was then calculated.
2.4. Statistical analysis
The dependent variable was the number of correct responses
(CRs) during the emotion recognition task. In addition, to assess
how visual presentation modulates the effect of group ! emotional
expression, we determined a specific variable, the index of perfor-
mance improvement (IPI), which corresponds to the percentage of
performance changes in gaze compared with the global condition
(([CR (gaze)"CR(global)]/CR(global)) ! 100).
Repeated-measure analyses of variance (ANOVA) were con-
ducted on performance (CRs) with three groups (young, HOA,
AD) and with emotional expression (happiness, anger, fear) and vi-
sual presentation (eyes region, global) as the within-subjects fac-
tors. For all ANOVAs, we used the Greenhouse-Geisser epsilon
correction to adjust the degrees of freedom of F ratios when
appropriate.
Planned comparisons were performed between groups for each
combination of emotion/visual condition. Furthermore, a repeated-
measure ANOVA on the IPI was computed with three groups
(young, HOA, AD) and with emotional expression (happiness, an-
ger, fear) as the within-subjects factor. This analysis assessed the
modulation of emotion identification when the attention of the
participants was focused on the eyes region.
3. Results
Statistical analysis showed a significant main effect of group
[F(2,48) = 32.34, p < .001] and of emotional expression
[F(2,96) = 71.47, p < .001], but not a main effect of the visual pre-
sentation [F(1,48) = 1.71, ns]. The significant group effect stemmed
from better responses in the young adult participants compared
with the HOA participants [F(1,48) = 28.55, p < .001], whereas no
significant difference in responses was noticed between HOA and
AD participants [F(1,48) = 2.25, ns]. The significant emotion effect
was explained by better performance for happy faces compared
with other emotions (anger: F(1,48) = 69.38, p < .001; fear:
F(1,48) = 128.11, p < .001). In addition, fearful faces induced lower
scores than angry faces did [F(1,48) = 12.96, p < .001].
Moreover, ANOVA revealed a significant interaction in
group ! emotional expressions ! visual presentation
[F(4,96) = 2.82, p < .05], allowing us to evaluate the impact of the
group factor on each condition (Fig. 2). Post hoc comparisons
showed better performances for the recognition of happy faces
compared with the other emotions, for both HOA
[F(1,48) = 31.37, p < .001] and AD participants [F(1,48) = 92.11,
p < .001]. In addition, young participants had better performances
in identifying fear and anger than did HOA participants (fear:
F(1,48) = 67.31, p < .001; anger: F(1,48) = 24.54, p < .001) and AD
patients (fear: F(1,48) = 617.31, p < .001; anger: F(1,48) = 24.54,
p < .001). Globally, AD patients had worse performances for fearful
faces than did the two control groups [F(1,48) = 64.10, p < .001]. No
significant difference was observed for anger recognition between
HOA and AD participants [F(1,48) = 1.29, ns], suggesting that AD
patients did not have a further decline in anger recognition relative
to the decline resulting from normal aging. To assess how visual
presentation modulates the effect of group for a specific emotional
expression, an ANOVA was performed with the IPI measure, which
showed a significant effect [F(4,96) = 2.62, p < .05]. As illustrated in
Fig. 3, IPI was significantly greater for fear recognition
Fig. 3. Index of performance improvement (IPI, %) for recognition of emotional
faces (happiness, anger, and fear) in young, healthy older adults (HOAs) and
patients with Alzheimer’s disease (AD). The error bar represents the standard error
to the mean. #: significant difference between HOAs and AD patients, p < .005.
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[F(1,48) = 8.40, p < .005] compared with the recognition of happy
expressions [F(1,48) = 0.21, ns] and anger expressions
[F(1,48) = 1.82, ns]. That is, the eyes region condition improves
only fear identification. Most important, AD patients, but not
young controls and HOA participants, showed significant improve-
ment in fear recognition during gaze presentation (AD patients:
F(1,48) = 11.43, p < .005; young controls: F(1,48) = 0.88, ns; HOAs:
F(1,48) = 2.46, ns), with a performance improvement of 120%.
4. Discussion
Overall, our study demonstrates preservation in the ability of
HOA and AD patients to identify happy faces, a deficit in the recog-
nition of anger in HOAs versus young adults, and an impairment of
fear identification in AD patients relative to HOAs. Interestingly,
our findings show that the performances of patients with mild
AD were significantly improved in the eyes region condition, spe-
cifically for fear emotions. This visual strategy was shown to par-
tially compensate for the deficit, a pattern of improvement that
was not shown in the context of normal aging. This compensatory
method could be relevant to improve social interaction in the early
stages of the disease, considering that diminished abilities in emo-
tion discrimination adversely affect social functioning and quality
of life (Kohler et al., 2005).
Our results are in accordance with an extensive literature show-
ing that a decline in identifying anger (Calder et al., 2003; Isaaco-
witz et al., 2007; Phillips, MacLean, & Allen, 2002; Sullivan &
Ruffman, 2004; Sullivan, Ruffman, & Hutton, 2007) and fear (Isaac-
owitz et al., 2007; Ruffman, Henry, Livingstone, & Phillips, 2008;
Sullivan & Ruffman, 2004) occurs progressively in normal aging
(HOAs vs young controls), whereas happiness recognition is mostly
preserved (Ruffman et al., 2008; Williams et al., 2009). In line with
the AD literature (Table 1), we also found that the performances in
AD patients were similar to those in HOAs for happiness and anger,
whereas we observed a deficit in the performance of AD patients
for fear recognition. The fact that spatial processing in the eyes re-
gion did not allow HOAs to improve their performance suggests
that the decline in the ability to decode emotions in healthy aging
is not associated with impairment in the processing of this region.
The restriction of the improvement of fearful recognition to pa-
tients supports the hypothesis that fear recognition difficulties in
AD are at least partially different from those of normal aging. This
finding constitutes a key result of this study.
Although both fearful and angry faces indicate to the viewer,
through the eyes region, the presence of an aversive or a threat sig-
nal (Smith, Cottrell, Gosselin, & Schyns, 2005), cumulative evidence
tends to show that processing fearful emotions of the eyes region is
particularly relevant for identifying emotional saliency and is use-
ful to discriminate fear from other emotions (Schyns et al., 2007;
Smith et al., 2007). Consequently, we assume that in our protocol,
the eyes region condition permitted compensation for the fear def-
icit, but may not have improved recognition of anger, for which the
eyes region may be less salient. The comparison between fear and
anger conditions thus provides relevant additional findings, sup-
porting the idea that impairments in emotion recognition in AD pa-
tients could be mainly subsequent to unsuitable visual processing
of emotional faces.
Similar to patients with severe bilateral amygdala damage
(Adolphs et al., 2005) and MCI patients (Richard-Mornas et al.,
2012), our AD patients appear not to lose the ability to process vi-
sual emotion, but instead change their strategy for doing so. This
result is in agreement with those reported by Ogrocki et al.
(2000) showing that AD patients do not spontaneously direct their
gaze to the region of the eyes in emotional faces. It could be sup-
posed that AD patients allocate their attention to the salient fea-
ture of the stimuli differently. However, whereas the
performance of one patient was normalized with the compensa-
tory method used in the study by Adolphs et al. (2005), the perfor-
mance of our patients remained below that of the healthy
participants. Thus, the lack of normalization of performance in
AD could be related to a decline in other cognitive systems because
our study was designed to reduce deficits that were solely due to
impairment in visual exploration. Previous studies suggested a
relationship between cognitive decline and a decrease in the ability
to recognize emotional faces in AD patients (Albert et al., 1991;
Bucks & Radford, 2004; Burnham & Hogervorst, 2004; Cadieux &
Greve, 1997; Roudier et al., 1998). In particular, the studies pro-
posed that a decline in emotion recognition in AD may have more
to do with general cognitive deficits than to deficits in emotion
processing per se. More precisely, the fact that emotional deficits
are removed when general cognitive performance scores are used
as covariates suggests that deficits in the emotion perception of
AD patients are more likely the result of their cognitive impair-
ments and not the result of a primary impairment in the percep-
tion of emotion (Albert et al., 1991).
We assume that a strong advantage of this protocol is that it can
be performed easily by patients without complex instructions.
However, this approach mainly provides indirect evidence about
the causal link between our variables. Findings from this protocol
will need to be confirmed by using more causal approaches. First,
in order to definitively conclude that emotional recognition
impairment is sustained by a deficit in the visual exploration of
the face, similar protocols should be performed by recording eye
movements. Second, considering the converging findings from
AD patients and other patients with amygdala injuries, we assume
that amygdala dysfunction could explain a large part of our results.
Direct neuroimaging measures are needed to confirm this
hypothesis.
Other limitations of our protocol concern the number of emo-
tional situations tested. We chose to focus our study on a few emo-
tions with a clear hypothesis about their impairments based on
their dependence on amygdala activity. To extend our results, a
greater number of emotions should be assessed in future. In addi-
tion, some investigators have suggested that static faces lack suffi-
cient information to allow AD patients to accurately interpret the
emotion (Cadieux & Greve, 1997). The existing AD literature lacks
data about how AD participants decode emotions from stimuli
with greater ecological value, such as stimuli that encompass sev-
eral emotional cues (e.g., face, prosody, body movements and ges-
tures) and/or dynamic stimuli (Henry et al., 2008; Koff et al., 1999).
It may thus prove interesting if future studies were to combine
modulations of visual processing and dynamic faces. Similarly,
influences of other cognitive dysfunctions on emotional recogni-
tion abilities warrant investigation. In particular, the positive effect
of our remediation condition can be advantageously explained in
the context of Vuilleumier’s model (2005), which suggested that
fear processing involved two separate neural pathways, a subcorti-
cal and a cortical pathway associated with automatic and explicit
processing of fear faces, respectively. The efficiency of compensa-
tory methods depends on the preservation of explicit executive
functions (Freedman et al., in press).
Finally, a main interest of this protocol is that it could be ap-
plied clinically, with few changes, to facilitate interaction with
caregivers. However, it remains to be determined whether the de-
crease in emotional recognition abilities can be altered along the
disease continuum. This finding can be clinically assessed by inves-
tigating our remediation methods in patients with varying disease
severity. In particular, an interesting hypothesis to test would be
whether the increase of the emotional recognition impairment is
the consequence of more impaired visual exploration processing,
or whether it is the consequence of progressive cognitive impair-
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ments. Regarding the cognitive state of AD patients, the MMSE
mean of our sample (i.e., 24.6) was above the MMSE mean of the
18 emotional recognition studies (i.e., 21.8) that provided this
measure. The pattern of improved performance could therefore
be related to the fact that our population may not have been highly
cognitively impaired. If so, a compensation strategy may be easily
induced.
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2.  Etude 5 : Expérimentation en comportement portant 
sur les patients avec troubles cognitifs légers 
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 Introduction 
 A growing number of studies have assessed the ability 
to identify facial expressions in normal aging  [1] and Alz-
heimer’s disease (AD)  [2] . Findings show that AD patients 
have more difficulties in recognizing facial emotions 
than healthy older subjects, especially fear and sadness  [3, 
4] , while the recognition of disgust seems preserved  [5] . 
The difficulty in recognizing facial emotions could be 
partly associated with atrophy and neuropathological le-
sions affecting the limbic areas (including the amygdala), 
the temporal and frontal cortices  [6] , whereas the selec-
tive preservation of the recognition of disgust could be 
explained by the fact that structures like the basal ganglia 
are less affected or are affected later in the disease  [7] . 
However, literature data are not in agreement and it re-
mains unclear how early in the neurodegenerative pro-
cess these deficits emerge. Studies have shown that facial 
emotion recognition impairment seems to progress from 
the Mild Cognitive Impairment (MCI) stage to mild AD. 
This finding can be interpreted as a possible progressive 
degeneration of the brain structures involved in emotion-
al processing.
 A previous study showed that AD patients, in the ear-
ly stages of the disease with mild cognitive impairments, 
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 Abstract 
 Background: The aim of the present study was to assess the 
possibility of compensating early facial expression recogni-
tion impairments in amnestic Mild Cognitive Impairment (a-
MCI) patients.  Methods: Twelve patients with a-MCI and 17 
healthy participants matched according to age and educa-
tion participated in the study. The originality of the present 
study was to cue the recognition of facial expressions (hap-
piness, anger, fear, and neutral) by comparing eye region ex-
pressions and entire facial expressions.  Results: A deficit in 
the recognition of fearful expressions was observed in a-MCI 
patients relative to the control group, whereas recognition 
of all the other emotional expressions was spared. Neverthe-
less, when eye expressions cued the recognition of fearful 
facial expressions, the performance of normal controls and 
a-MCI patients was comparable.  Conclusion: The present 
paper indicates a selective impairment in fear recognition in 
the prodromal state of Alzheimer’s disease, and the possibil-
ity of compensating this deficit by orienting selective atten-
tion on specific facial features.  Copyright © 2012 S. Karger AG, Basel 
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were severely impaired in acquiring conditioned fear re-
sponses  [8] . This finding suggested implicit emotion-spe-
cific deficits in fearful expressions in the early stages of 
AD. Nevertheless, only a few studies have observed ex-
plicit emotion-specific impairment for fear recognition 
in MCI  [9, 10] . Moreover, the study of face processing in 
MCI has yielded inconsistent results. Teng et al.  [10] ex-
amined facial emotion processing in 9 single-domain a-
MCI (MCI-SD) subjects, 14 multiple-domain a-MCI 
(MCI-MD) subjects and 68 control subjects. Cognitive 
deficits in MCI-SD were limited to memory, while cogni-
tive deficits in MCI-MD encompassed memory impair-
ment and deficits in additional modalities (language, at-
tention/information processing speed, visuospatial/con-
structional ability or frontal/executive function). They 
demonstrated intact performance in the MCI-SD group 
and significantly impaired performance in the MCI-MD 
group, particularly on a test of facial affect discrimina-
tion. Moreover, Spoletini et al.  [9] and Bediou et al.  [11] 
indicated impairment in low-intensity fearful face recog-
nition in a-MCI subjects compared with normal controls, 
whereas recognition of high-intensity emotional expres-
sions was spared. Nevertheless, the results are not so ro-
bust since, for instance, Bediou et al.  [11] showed that the 
performance of a-MCI participants tends to be similar to 
that of mild AD patients when facial expressions are low 
in intensity, whereas it is more comparable to the con-
trols’ performance at a higher intensity of emotion. Yet 
the between-group comparison revealed no significant 
difference between a-MCI patients and controls, or be-
tween a-MCI patients and the AD group.
 In addition to the robustness of the effects, the used 
variables are sometimes difficult to compare. Emotion 
processing is a broad term describing different levels of 
features, processes, and responses triggered by emotional 
stimuli. Firstly, the pattern of result differs according to 
the nature of the task. Teng et al.  [10] observed a more ro-
bust deficit on a task of facial emotion discrimination, in-
volving visual-perceptual skills, and no significant im-
pairment on the identification tasks. In contrast, Spole-
tini et al.  [9] and Bediou et al.  [11] tend to show impairments 
by using identification tasks. Secondly, there are distinct 
characteristic profiles of emotion processing deficits ac-
cording to the severity of the illness. For instance, in the 
study of Teng et al.  [10] , both MCI groups had similar 
scores on the MMSE (Mini Mental State Examination) but 
additional analyses indicated that the MCI-MD group 
had a greater degree of overall cognitive impairment than 
the MCI-SD group. Indeed, subjects with MCI-MD may 
have a more advanced underlying neurodegenerative pa-
thology than subjects with MCI-SD  [12–14] . Thirdly, 
studies differ according to the modality of stimuli. A large 
part of the literature tends to use photographs of emo-
tional faces, such as the Ekman and Friesen  [15] stimuli or 
the Florida Affect Battery  [16] . Teng et al.  [10] adminis-
tered subtests of the Florida Affect Battery with basic fa-
cial emotions. These faces expressed prototypical emo-
tions whereas Spoletini et al.  [9] and Bediou et al.  [11] used 
an ‘intensity-based approach’ with more subtle emotional 
expressions. For instance, Bediou et al.  [11] analyzed emo-
tion detection from 20 to 100% of morphing intensities. 
Therefore, with this ‘intensity-based approach’, the com-
parison between low- and high-intensity stimuli allows to 
detect subtle impairments in MCI patients.
 In order to clarify the nature of facial expression rec-
ognition in MCI, our originality was to investigate the 
ability to use information from the eye region of patients 
while viewing facial expressions. Recently, Adams and 
Kleck  [17, 18] showed that displaying faces with a direct 
gaze enhances the perception of anger while displaying 
faces with an averted gaze facilitates the perception of 
fear. Taken together, the gaze direction and facial expres-
sion of emotion increase the relevance of the face  [19, 20] . 
There is currently growing evidence that emotional ex-
pressions and gaze direction are processed in overlapping 
cerebral structures, especially the amygdala  [21, 22] . 
Sander et al.  [19] suggested that the amygdala is essential 
for establishing the emotional significance elicited by the 
integration of gaze and emotion in the face. Decoding fa-
cial emotional expressions accurately is difficult and vi-
sual processing of the eye region is particularly relevant 
to the recognition of facial expressions  [23, 21] , especially 
fearful facial expressions  [24] . Interestingly, Ogrocki et al. 
 [25] investigated eye movement patterns of AD patients 
and healthy older adults while viewing photographs of 
facial expressions. AD patients differed from controls on 
eye movement patterns: they focused less on the face and, 
in particular, on the eyes. The question in the present pa-
per is whether difficulties in facial emotion recognition 
may be observed in individuals with MCI.
 Because facial emotion recognition impairment has 
been found to increase during the progression of demen-
tia  [4] , we assume that it appears very early in the pre-
clinical stage of AD  [9–11] . Nowadays, MCI subjects with 
amnestic deficits have a high risk of conversion to demen-
tia in the following few years  [26, 27] . Since subjects with 
MCI have more circumscribed patterns of cognitive im-
pairment, yet demonstrate behavioral and neuropatho-
logical changes consistent with preclinical AD, studies of 
this population provide an opportunity to explore defi-
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cits in emotional processing earlier in the degenerative 
process associated with AD.
 From the study of Ogrocki et al.  [25] , one hypothesis is 
that patients with MCI do not automatically focus their at-
tention on the eye region. To address this hypothesis we 
designed an original experiment to test if gaze on the eye 
region, used as a facial feature, can influence the accuracy 
of participants. More precisely, we engaged subjects in face 
processing identification by focusing on the entire facial 
expression in comparison with the initiation of the gaze on 
the eye region, before presenting the entire face. We hy-
pothesize that focusing on the eye region will help a-MCI 
patients recognize facial expressions, especially fear. This 
protocol is quite similar to the one used by Adolphs et al. 
 [23] . They explored the ability to make use of visual infor-
mation from specific regions of the face by using the gauss-
ian bubbles method. Difficulties in recognizing fear from 
facial expressions may stem from an inability to make nor-
mal use of information from the eye region of faces when 
judging emotions. Sander et al.  [19] used gaze direction as 
a facial feature that indexed the encoder’s orientation of 
attention. These authors interpreted their results as pre-
dictions derived from appraisal theories of emotion which 
adopt a multicomponential approach to emotion  [28] . 
These theories suggest that the decoding of a facial expres-
sion of emotion involves inferences regarding the cogni-
tive processes in the encoder that elicit specific facial ac-
tions. The aim of our study was to explore facial expression 
recognition in MCI subjects and our originality was to in-
vestigate the ability to use information from the eye region 
of patients while viewing facial expressions.
 Materials and Methods 
 Subjects 
 The study sample consisted of 12 a-MCI patients (5 men, mean 
age = 68.5  8 5.3 years; mean MMSE score = 26.4  8 1.3) and 17 
healthy controls (10 men, mean age = 70  8 5.3 years; mean MMSE 
score = 30  8 0.7). Antipsychotic medication, previous history of 
severe medical or surgical illness, and other neurological or vi-
sual disorders were considered as exclusion criteria in all groups.
 a-MCI subjects were recruited from the Unit of Neuropsychol-
ogy at the Department of Neurology of Saint-Etienne. Subjects 
received an assessment that included standard neuropsychologi-
cal testing, physical interview and neurological examination. 
MCI was diagnosed at a consensus conference using the criteria 
of Petersen et al.  [29] , i.e. (1) subjective memory complaint, (2) es-
sentially intact activities of daily living per consensus clinician 
judgment, (3) impaired memory performance relative to age-
matched norms and (4) not demented. Healthy subjects were cog-
nitively and affectively intact, the MMSE was administered and 
their performance was normal. 
 Groups were matched in age and gender repartition. The two 
groups did not differ significantly in age, level of education, and 
gender ( table 1 ). All participants gave their written informed con-
sent before participation and this research was conducted in ac-
cordance with the Helsinki Declaration.
 To measure visual-perceptual abilities that could interfere 
with emotion recognition tasks, we administered the short form 
Benton Facial Recognition Test (BFRT)  [30] . In the a-MCI group, 
in addition to the BFRT, we administered an apathy evaluation 
scale (Apathy Evaluation nurse form) and mood was evaluated 
with the depression rating scale (Geriatric Depression Scale short 
form).  Table  1 shows the neuropsychological performance for 
each patient group. The two groups significantly differed in terms 
of their MMSE score (p  ! 0.0001). a-MCI patients showed no sig-
nificant difference in the BFRT in comparison with healthy sub-
jects.
 Procedure 
 The stimuli were faces selected from the morphed faces data-
base of Bediou et al.  [11] which has previously been shown to be 
sensitive to facial emotion recognition deficits in patients with AD 
of mild or moderate severity. Photographs of 2 Caucasian male and 
2 Caucasian female faces depicting 3 basic emotions (happiness, 
fear, and anger) were displayed on a computer screen. In addition, 
the control condition was represented by the presentation of neu-
tral faces. Therefore, a total of 16 photographs were randomly pre-
sented. Half of the stimuli were presented with entire faces and the 
other half were shown partial-progressively starting with the gaze. 
Each stimulus was repeated 3 times in the entire face and in the 
initiation of gaze tasks. A total of 96 trials were randomly present-
ed. Each trial consisted of the following events: a fixation cross 
(450 ms) followed by a face in the entire face condition (1200 ms) 
or by the initiation of gaze (800 ms) and the entire face (400 ms) in 
the second condition and then the choice list (until response) 
( fig. 1 ). In this identification task, participants were asked to decide 
which of the 5 labels (angry, happy, fearful, neutral or other) best 
described the facial expression shown. They gave the response by 






Age, years 68.585.3 7085.3
Education (1, 2, 3) 1.7580.9 2.1680.9
Sex ratio M/F 5/7 10/7
MMSE 26.481.3 3080.7
Short form BFRT 44.983.9 4484.7
Apathy Evaluation nurse form 0.1780.5
Short form GDS 0.380.6
V alues are expressed as mean 8 SD. Education 1 = Basic 
school-leaving qualification and vocational training qualifica-
tion; Education 2 = from secondary school certificate until high 
school diploma; Education 3 = high school diploma and higher 
education; GDS = Geriatric Depression Scale.
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pressing a manual key with the dominant right hand. Face pictures 
were trimmed to remove external features (neck, ears, and hair-
line). All face pictures had a size of 330  ! 440 pixels. Gaze pictures 
were constructed to keep only eye areas. All gaze pictures had a 
size of 330  ! 108 pixels. Each picture subtended 18 degrees of vi-
sual angle (at a 30-cm viewing distance).
 Data Analysis 
 Results are expressed as mean  8 standard error. All statistical 
comparisons between patients and controls were performed using 
a parametric test (analysis of variance, ANOVA) on scores. A 
three-way mixed ANOVA with one between-factor (group: a-
MCI and controls) and two within-factors (stimulus modality and 
Fear








































Color illustration online only!
 Fig. 1. 16 color photographs of facial expressions ( a ) and the procedure in two conditions ( b ). 
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facial expressions: happiness, anger, fear, and neutral expressions) 
was carried out. Analyses used the Greenhouse-Geisser epsilon 
correction to adjust the degrees of freedom of the F ratios when 
necessary. Additional analyses using the Student t test for be-
tween comparisons were carried out.
 Results 
 Statistical Analyses 
 Repeated-measure ANOVAs demonstrated a main ef-
fect of facial expression (F(3, 81) = 38.27; p  ! 0.0001) with 
a significantly higher recognition of happy faces and a 
lesser score of fearful faces (p  ! 0.0001, respectively, in 
comparison with neutral faces). This main effect is mod-
ulated by the group and stimulus modality factors, since 
a significant interaction between the three factors (F(3, 
81) = 4.39; p  ! 0.01) was revealed. This interaction is rep-
resented in  figure 2 . We then separately performed an 
ANOVA test to evaluate the impact of the group and 
stimulus modality factors for each emotion. These analy-
ses revealed that the interaction between group and stim-
ulus modality factors was significant only for the emotion 
of fear (F(1, 27) = 7.32; p  ! 0.01). Comparisons between 
groups revealed that a-MCI patients performed worse 
than healthy participants in fearful facial expression rec-
ognition in the entire face stimulus modality (t (27) = 
–3.5; p  ! 0.001). In contrast, a-MCI showed no significant 
difference in fearful facial expression recognition in the 
initiation of gaze stimulus modality in comparison with 
healthy subjects. The one-way ANOVA in the a-MCI 
group was performed and showed a significant difference 
between the entire face condition and the initiation of 
gaze condition (p  ! 0.001) for fearful faces. This compar-
ison strengthens the difficulty of MCI patients to recog-
nize facial expressions of fear when their attention is not 
directed to the eye region. 
 Discussion 
 In the present study, we examined whether a-MCI pa-
tients are able to correctly recognize facial expressions 
and benefit from the strategy to focus their gaze towards 
eyes. Using gaze direction as a facial feature that indexed 
the encoder’s orientation of attention, we showed signifi-
cant impairment in the ability to recognize facial expres-
sions of fear in a-MCI patients compared with normal 
controls, whereas recognition of all the other emotional 
expressions was spared. In line with our hypothesis, we 
can explain the finding that the initiation of gaze helps 
a-MCI subjects’ performances, and particularly on fear-
ful face recognition. Findings corroborate results of 
Adolphs et al.  [23] and they are consistent with appraisal 
theories of emotion. In particular, Sander et al.  [19] sug-
gested that, during the decoding process, facial features 
reflecting attention shifts can interact with facial features 
reflecting appraisal processes in the encoder. Therefore, 
appraisal predictions, in opposition to basic emotion the-
ories, provide a more complex account of what is involved 
in the inference of emotion and other information, such 
as attention, in the face. Furthermore, our results are con-
sistent with the findings of Adams and Kleck  [17, 18] and 
Sander et al.  [19] and the fact that the mechanisms in-
volved in the explicit decoding of emotional facial expres-
sions can be modulated by the processing of gaze direc-
tion. Previous research suggests that the visual process-
ing of the eye region is particularly relevant to the 
recognition of facial expression  [21, 23] , and particularly 
of fearful facial expression  [24, 31] . Moreover, there is 
growing evidence that emotional expression and gaze are 
processed in overlapping brain networks, especially the 
amygdala  [22, 32] , which is particularly affected by AD 
and probably already in a prodromal state  [33] . The find-
ings thus raise the possibility that a-MCI patients’ im-
pairment in recognizing fearful faces might result from a 
failure to direct their gaze to the eyes in the first place, 
which is crucial for the recognition of this expression. 
Supporting the view, Ogrocki et al.  [25] showed that AD 



































































 Fig. 2. Interaction between groups: facial expression and stimulus 
modality (standard error). 
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cial expressions. To date, no study investigated eye move-
ment patterns of a-MCI patients while viewing photo-
graphs of facial expressions. Nevertheless, when eye ex-
pressions preceded each face, the a-MCI group improved 
their performance and no deficit appeared. Moreover, a-
MCI patients showed no significant difference in the 
BFRT in comparison with healthy subjects; also these pa-
tients had intact visual-perceptual abilities.
 This protocol gives further validation to our hypothe-
sis; it indicates a selective impairment in fear recognition 
in the prodromal state of AD and the possibility of com-
pensating this deficit by using all facial features correctly. 
Specific fearful face recognition impairment in the a-MCI 
phase can be explained as a possible effect of the well-de-
scribed progressive degeneration of brain structures mod-
ulating emotion processing, such as the amygdala and 
other limbic and paralimbic structures  [34] . Even though 
the amygdala has been found to respond to a range of fa-
cial emotion expressions  [35, 36] , it seems to play a critical 
role in perceiving fear  [37] . Other authors suggest that the 
amygdala is not a ‘fear module’  [38] . One explanation is 
that amygdala activation differs according to the nature of 
tasks and types of stimuli. Whalen  [39] proposed that the 
amygdala may be especially involved in increasing vigi-
lance and attention based on stimulus ambiguity. Yang et 
al.  [40] predicted that facial expressions other than fear 
should also activate the amygdala. They observed the 
amygdala activation in response to happy, sad, angry, and 
fearful faces and suggested that the amygdala is implicated 
in processing biologically relevant stimuli. We consider 
the amygdala as critical for appraised relevance detection. 
We suggest that the detection of relevance can be consid-
ered as an essential phase of the cognitive evaluation.
 Indeed, the amygdala is considered as an essential ‘so-
cial structure’  [41] because one of its functions is the mod-
ulation of the neural system underlying social cognition 
 [42] , that is the basis of the ability to interpret nonverbal 
communication (such as facial emotion expressions) and 
to respond to emotional cues with appropriate interper-
sonal behaviors  [41] . Thus, we explain the result that facial 
emotion recognition deficit in a-MCI patients can be spe-
cific to fear. This type of impairment can have practical 
consequences in social interactions in the MCI phase, be-
cause deficits in processing fearful emotions may proba-
bly affect nonverbal communication, interpersonal relat-
edness, and consequently quality of life  [3, 43, 44] .
 In conclusion, a-MCI patients are impaired in facial 
emotional expression recognition, especially in fearful 
expressions. Such a deficit may participate in social be-
havior disorders that affect social life early in the course 
of AD. An early detection of facial emotion recognition 
impairment during the preclinical phase of dementia 
may have clinical implications, e.g. to permit a preventive 
intervention on the increasing decline in cognitive per-
formance, interpersonal behavior, and social ability, im-
proving the quality of life of both patients and caregivers.
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51@/,3&.&)$ A@'$ /'5$ *'+(1+4.&-'5$ 2).,'&)$ 4',//'@+'5$ 0.&5$ /.$ -1&0,),1&$ B$+'3.+0$C$ A@'$ B$6,5.3'$
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79*:$ >7$6;<1;*,,8<-$A*$ >7$67+E<><18*.$;2,(>+7+$Q(*$-<(,$B*++<-,$217>*B*-+$*-$797-+$A7-,$ >7$
,R-+EN,*$ A*$ >7$ B2+7G7-7>R,*$ SO+(A*$ #TF$ 57$ ,+;7+218*$ 98,(*>>*$ 98,7-+$ U$ 67>>8*;$ 7($ A2?8:8+$
2B<+8<--*>.$ -C*,+$ *??8:7:*$ Q(*$ 6<(;$ >C2B<+8<-$ A*$ 6*(;$ *+$ :E*D$ >*,$ 67+8*-+,$ (-8Q(*B*-+.$
,(11N;7-+$ Q(*$ A*,$ 7++*8-+*,$ ?<-:+8<--*>>*,$ A*$ >C7BR1A7>*$ 6<(;;78*-+$ V+;*$ U$ >C<;818-*$ A*$ :*$
B2:7-8,B*.$*+$:*.$AN,$>*,$6E7,*,$6;2:<:*,$A*$>7$B7>7A8*F$@7>1;2$:*++*$,+;7+218*.$(-$A2?8:8+$:E*D$
:*,$ 67+8*-+,$ 6*;,8,+*.$ ,(112;7-+$ Q(*$ >*,$ 7++*8-+*,$ 7BR1A7>8*--*,$ 6<(;;78*-+$ *W6>8Q(*;$





4.  Mise en évidence directe d’une dysfonction 
amygdalienne : Etude en neuroimagerie 
%&''($ )&*+$ ,-./&)+$ /*$ .*$ 01./(1+$ 2($ )&+$ 30*2(+$ 4&'5&10('()0.,(+$ 6)+5613(+$ 2($ ,-30*2($
2-72&,58+$ (0$ 4&,,.9&1.0(*1+$ :;<<=>?$ ,-*06,6+.06&)$ 2-(@51(++6&)+$ A.46.,(+$ 3'&06&))(,,(+$ 4&''($
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/6(6,,6++('()0$+.6)$2($4(*@$,63$.*$/6(,,6++('()0$2($0C5($M$7,N8(6'(1$O?$4(00($0P48($.$303$3D.,('()0$
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+5346A6L*('()0$ .*$ /6(6,,6++('()0$ 2($ 0C5($ 5.08&,&D6L*(E$ U($ 9*0$ A6).,$ 30.)0$ 2($ 01&*/(1$ *)$
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4. 1.   Introduction 
%&'$ ()*+,-'$ .)()/(01&'$ +231+45)&'$ 60-'$ 1&$ 7(0+7&2&-7$ 6&'$ )2,7+,-'$ '5/+''&-7$ 68+23,(70-7'$
.90-*&2&-7'$60-'$1&$:+&+11+''&2&-7$'0+-;$<-$30(7+.51+&(=$ 1&'$ 1,/&'$>(,-705?$&7$7&23,(05?$',-7$ 1&'$()*+,-'$
'5/+''0-7$68+23,(70-7&'$3&(7&'$:,152+45&'$05$.,5('$65$:+&+11+''&2&-7$'0+-$@A0(7B,C+'$&7$01;=$DEE!F;$G&$1,/&$
>(,-701=$&7$&-$30(7+.51+&($10$B,-&$,(/+7,H>(,-701&$@G020($&7$I&'-+.C=$DEEJK$L+''&(0-6$&7$01;=$DEEDF=$'807(,39+&$
3().,.&2&-7$ @M11&-$ &7$ 01;=$ DEE#K$ N(+&:&$ &7$ 01;=$ DEE#F;$ G802O*601&$ /+&-$ 4580330(7&-0-7$ 05$ 1,/&$ 7&23,(01$
@30(7+&$2)6+01&F$'&2/1&$2,+-'$ 7,5.9)&$30($ 1&'$&>>&7'$ 1+)'$05$:+&+11+''&2&-7$ @.>;$P903+7(&$D=$30(7+&$!F;$ Q1$ 0$
680+11&5('$ )7)$ (033,(7)$ 45&$ 1&$ :,152&$ 6&$ 1802O*601&$ 6).1+-&(0+7$ 2,+-'$ (03+6&2&-7$ 45&$ .&15+$ 6&'$ 1,/&'$
>(,-705?$05$.,5('$65$:+&+11+''&2&-7$'0+-$@N,,6$&7$01;=$DEE!K$N(+&:&$&7$01;=$DEE#F;$$
P&'$ .90-*&2&-7'$ .)()/(05?$ ,-7$ 3,5($ .,-')45&-.&$ 5-&$ 017)(07+,-$ *1,/01&$ 65$ 7(0+7&2&-7$ 6&'$ :+'0*&'$




1&'$ 7(,5/1&'$ 6&$ (&.,--0+''0-.&$ )2,7+,--&11&$ &7$ 1&'$ 077&+-7&'$ 0-07,2+45&$ 6&$ 1802O*601&$ @X(+*97$ &7$ 01;=$
DEEYF;$
G&$ 3(,.&''5'$ 0545&1$ (&-:,+&$ 1&$ 6).,60*&$ 6&$ 18)2,7+,-$ -8+231+45&$ 30'$ '&51&2&-7$ 1802O*601&$ @.>;$
P903+7(&$Z=$30(7+&$!F;$<-$&>>&7=$1&$*O(5'$>5'+>,(2&$@X+-'7,-$&7$01;=$DEEZ0F=$1&$.,(7&?$3()>(,-701$6,(',107)(01$
@V3(&-*&12&O&($&7$01;=$![[RF=$1&$'7(+0752$:&-7(01$@P016&($&7$01;=$DEEJF=$1&$'+11,-$7&23,(01$'53)(+&5($@G0A0($









.,-'7+75&-7$ 5-+45&2&-7$ 6&'$ 3(&5:&'$ +-6+(&.7&'$ 685-$ 6O'>,-.7+,--&2&-7$ 02O*601+&-;$ %&'$ .,-7(&H
0(*52&-7'$ 3,5((0+&-7$ \7(&$ 0:0-.)'$ ]$ 18&-.,-7(&$ 6&$ -,7(&$ 9O3,79W'&;$ <-$ 30(7+.51+&(=$ -,5'$ 0:,-'$ 6)a]$
',51+*-)$458+1$&'7$3&5$:(0+'&2/10/1&$68077(+/5&($18&-'&2/1&$6&'$6+>>+.517)'$(&-.,-7()&'$30($1&'$307+&-7'$1,('$
65$ 7(0+7&2&-7$ 6&'$ )2,7+,-'$ ]$ 10$ '&51&$ 07(,39+&$ 6&$ 1802O*601&;$ A+&-$ 45&$ -,5'$ 0O,-'$ ')1&.7+,--)$ 6&'$
307+&-7'$ ]$ 6&'$ '706&'$ 1&'$ 315'$ 1)*&('$ 3,''+/1&'=$ -,5'$ ',22&'$ .,-'.+&-7'$ 45&$ 1&'$ 077&+-7&'$ .)()/(01&'$
7,5.9&-7$6&$-,2/(&5'&'$057(&'$ ()*+,-'=$&-$30(7+.51+&($65$'O'7W2&$ 1+2/+45&=$ +231+45)&'$60-'$ 18)2,7+,-;$
_,5'$3&-',-'$45&$1&$.9,+?$6&$-,5'$>,.01+'&($'5($1802O*601&$3157b7$45&$'5($5-$()'&05$315'$10(*&$'&$a5'7+>+&$




T15'+&5('$ 057&5('$ ,-7$ 3(,3,')$ 189O3,79W'&$ '&1,-$ 1045&11&$ 6&'$ 7(,5/1&'$ )2,7+,--&1'$ '&$ (033,(7&-7$ ]$
18077&+-7&$ 0-07,2+45&$6&$ 10$ '7(5.75(&$ 02O*601+&--&$ @G0-6(&$ &7$ 01;=$ DE!ZK$`,(+$ &7$ 01;=$ ![[[K$T&((+-$ &7$ 01;=$
DE!DK$ V.9517B$ &7$ 01;=$ DEE[F;$ L,57&>,+'=$ 5-&$ '&51&$ )756&$ 0$ .9&(.9)$ ]$ 2&77(&$ &-$ ):+6&-.&$ 6+(&.7&2&-7$
18017)(07+,-$6&$ 10$ >,-.7+,-$02O*601+&--&$65(0-7$6&'$30(06+*2&'$680.7+:07+,-'$.)()/(01&'$65(0-7$ 1&'45&1'$
18)2,7+,-$)70+7$+-65+7&$@X(+*97$&7$01;=$DEE"F;$P&77&$)756&$0$2,-7()$5-&$0.7+:+7)$315'$*(0-6&$60-'$1802O*601&$
6(,+7&$ &7$ *05.9&$ 6&'$ 307+&-7'$ @.,230()&$ 05?$ '5a&7'$ S*)'$ '0+-'F$ 1,('$ 65$ 7(0+7&2&-7$ 6&'$ :+'0*&'$ 6&$ 3&5($
-,5:&11&2&-7$3&(c5'=$0+-'+$4585-&$0.7+:+7)$'53)(+&5(&$6&$1802O*601&$6(,+7&$3,5($1&'$:+'0*&'$-&57(&'$6)a]$
03&(c5'$0530(0:0-7$@30(06+*2&$d$-,:&1e>02+1+0($fF;$G&'$057&5('$,-7$+-7&(3()7)$1&5($()'51707$',5'$10$>,(2&$
685-&$ .,23&-'07+,-$ >,-.7+,--&11&;$ L,57&>,+'=$ 05.5-&$ 6,--)&$ .,23,(7&2&-701&$ -80$ 35$ 0335O&($ .&77&$
+-7&(3()707+,-;$g-&$057(&$)756&$]$)*01&2&-7$.9&(.9&($6&'$)1)2&-7'$(&107+>'$]$10$.,--&.7+:+7)$>,-.7+,--&11&$
05$ -+:&05$ 6&$ .&77&$ ()*+,-$ 02O*601+&--&=$ .&3&-60-7$ 5-&$ >,+'$ &-.,(&=$ 05.5-$ +-6+.07&5($ )2,7+,--&1$ -8&'7$
!"#$
$
%&''(%)*$ +&,-$ ./))/$ *)0+/$ 12&($ /)$ &345$ 67!894$ :/-$ &0)/0%-$ (,)$ ;<-$ /,$ *=<+/,./5$ 3(%-$ +>0,$ '&%&+<?;/$
+>&.)<=&)<(,$&0$%/'(-$1@$%/-)<,?$-)&)/$A95$0,/$+<;<,0)<(,$-<?,<B<.&)<=/$+/$3&$.(,,/.)<=<)*$B(,.)<(,,/33/$/,)%/$

















*;()<(,,/33/-5$ .>/-)SUS+<%/$ 0,$ '%(./--0-$ .(,)%V3*$ /)$ .(,-.</,)$ +>&,&3C-/$ +0$ .(,)/,0$ &BB/.)<B$ +/-$ =<-&?/-$
'%*-/,)*-4$ W%$ <3$ /H<-)/$ 0,/$ &0)%/$ '%(.*+0%/$ +/$ )%&<)/;/,)5$ &0)(;&)<-*/$ /)$ <,.(,-.</,)/$X$ (,$ '&%3/$ +/$
)%&<)/;/,)$ *;()<(,,/3$ <;'3<.<)/5$ .>/-)SUS+<%/$ D0/$ 3/$ -0L/)$ ,>&$ '&-$ .(,-.</,./$ +/$ %*&3<-/%$ 0,$ )%&<)/;/,)$
*;()<(,,/35$;&<-$ 3>*;()<(,$/-)$-0''(-*/$)(0)$+/$;M;/$&=(<%$0,$/BB/)$ <,.<+/,)$-0%$./%)&<,-$&-'/.)-$+/$ 3&$
.(?,<)<(,4$ O&%$ /H/;'3/5$ 0,$ )%&<)/;/,)$ *;()<(,,/3$ <,.(,-.</,)$ '/0)$ -0%=/,<%$ 3(%-D0/$ 3/-$ -)<;03<$
*;()<(,,/3-$-(,)$'/%Y0-$+/$;&,<R%/$-0E3<;<,&3/$/)$=*F<.03/,)$0,/$./%)&<,/$B(%;/$+/$;/,&./$)/3-$D0/$3/-$
=<-&?/-$ +/$ '/0%$ 1WF;&,5$ 677Z95$ .(3R%/$ 1I(%%<-$ /)$ &345$ ![[\9$ (0$ /,.(%/$ 3(%-D0><3-$ -(,)$ B<3)%*-$ /,$ ]&--/-$
^%*D0/,./-$_'&)<&3/-$1]^_9$1`0<33/0;</%$/)$&345$677894$G>&0)%/-$)N.F/-$D0&3<B<*/-$*?&3/;/,)$+>$@$<;'3<.<)/$A$
.(,-<-)/,)$U$,/$'&-$(%</,)/%$+<%/.)/;/,)$3&$)N.F/$-0%$3>*;()<(,$1!"#"$$+<-.%<;<,&)<(,$+/$=<-&?/$-0%$3&$E&-/$
+0$ ?/,%/5$ )N.F/$ +/$ _)%(('$ *;()<(,,/39$ 1:%<).F3/C$ /)$ &345$ 6777a$ G0+3/C$ /)$ &345$ 677694$ J<,-<5$ 3/$ .(,)/,0$
*;()<(,,/3$/-)$,(,$'/%)<,/,)$'(0%$3&$%*&3<-&)<(,$+/$3&$)N.F/$1/,$&,?3&<-$@$5,(9:'11!+!6,)5%;95$&3(%-$D0/$./30<$
+/=</,)$'/%)<,/,)$ 3(%-D0><3$/-)$'&%$/H/;'3/$+/;&,+*$+/$ L0?/%$+/$ 3>*;()<(,$1/,$&,?3&<-$@$5,(9:1!+!6,)5%;9$
1P<.F)/,-)/<,S`<+,/$/)$&345$67!6a$W-<,-bC$/)$&345$67!694$
P/-$%*-03)&)-$+/$3>/H'*%</,./$+/$:%<).F3/C$/)$+/$-(,$*D0<'/$167779$-0??R%/,)$3>/H<-)/,./$+/$+/0H$=(</-$
+/$ )%&<)/;/,)$*;()<(,,/35$ .(%%/-'(,+&,)$U$+/0H$'&%.(0%-$+>&.)<=&)<(,$.*%*E%&3/$+<-)<,.)-4$P(%-$+/$ ./))/$
*)0+/5$3>&.)<=<)*$]WPG$+/-$-0L/)-$/-)$;/-0%*/$'&%$cdIB$&3(%-$D0><3-$%*&3<-/,)$0,/$)N.F/$(e$3/$.(,)/,0$&BB/.)<B$
+/-$ /H'%/--<(,-$ B&.<&3/-$ /-)$ '/%)<,/,)$ 1)%&<)/;/,)$ /H'3<.<)/$X$ .&)*?(%<-&)<(,$ *;()<(,,/33/9$ (0$ ,(,$
'/%)<,/,)$ 1)%&<)/;/,)$ <;'3<.<)/$X$ +<-.%<;<,&)<(,$+/$ ?/,%/9$'(0%$ 3&$ %*0--<)/$ +/$ 3&$ )N.F/4$ P/-$ %*-03)&)-$ (,)$
;(,)%*$D0/$3/$)%&<)/;/,)$/H'3<.<)/$+/-$/H'%/--<(,-$B&.<&3/-$*;()<(,,/33/-$/,)%&f,/$-<?,<B<.&)<=/;/,)$'30-$
+>&.)<=<)*$ +&,-$ 3/$ 3(E/$ )/;'(%&3$ '&%$ %&''(%)$ &0$ )%&<)/;/,)$ <;'3<.<)/5$ /)$ 3/$ )%&<)/;/,)$ <;'3<.<)/$ +/-$
*;()<(,-$B&.<&3/-$'%(=(D0/$0,/$&.)<=&)<(,$-<?,<B<.&)<=/;/,)$'30-$<;'(%)&,)/$+&,-$3&$%*?<(,$&;C?+&3</,,/$
.(;'&%*/$ &0$ )%&<)/;/,)$ /H'3<.<)/$ 1:%<).F3/C$ /)$ &345$ 677794$ G>&'%R-$ 3/-$ (E-/%=&)<(,-$ +/-$ &0)/0%-5$ <3$
-/;E3/%&<)$ +(,.$ D0>0,$ '&%&+<?;/$'%(=(D0&,)$ 0,$ )%&<)/;/,)$ *;()<(,,/3$ <;'3<.<)/$ -(<)$ '&%)<.03<R%/;/,)$
'/%)<,/,)$'(0%$.<E3/%$3>&.)<=<)*$+/$3>&;C?+&3/5$%*-03)&)$D0><3$/-)$*?&3/;/,)$%&''(%)*$'&%$&<33/0%-$1!"#"5$g&%<%<$
/)$&345$677894$:/'/,+&,)5$U$3><,=/%-/5$+>&0)%/-$*)0+/-$;(,)%/,)$0,/$%*'(,-/$'30-$B(%)/$+/$3>&;C?+&3/$'(0%$
+/-$ )N.F/-$ /H'3<.<)/-$ D0><;'3<.<)/-$ 1^0-&%SO(3<$ /)$ &345$ 677[a$ h%(3&bS_&3;(,$ /)$ &345$ 677i94$ P/-$ )N.F/-$
/H'3<.<)/-$.(,-<+*%*/-$+&,-$3&$;*)&S&,&3C-/$+/$^0-&%SO(3<$/)$&345$1677[9$*)&</,)$(%</,)*/-$+<%/.)/;/,)$-0%$
3/$ ;&)*%</3$ *;()<(,,/35$ &3(%-$ D0/$ 3/-$ )N.F/-$ <;'3<.<)/-$ .(;'%/,&</,)$ +/-$ '&%&+<?;/-$ +/$ )C'/$ =<-<(,$
'&--<=/-$ /)$ +<-.%<;<,&)<(,$ +/$ ?/,%/4$ P&$ +<-)<,.)<(,$ &0$ ,<=/&0$ +/-$ '%(./--0-$ +/$ )%&<)/;/,)$ /H'3<.<)/$ 6($








7.=# 3%# <'331<(3(2A# 3%#7(3E1;.=#%8# 34.06F:.3%A# 2(1E.;8#(;# 8=.G%8#7.=.3393%#H#<%3(1#:%# 3.#E'1%#E%;8=.3%#E12(%33%#
*<%33%><1#.33.;8#:(#3'I%#'<<1718.3#E%=2#3%#3'I%#8%07'=.3-C#D%2#:%()#E'1%2#E12(%33%2#:1281;<8%2#<'=81<.3%#%8#2'(2>
<'=81<.3%A# 2';8# 2/3%<81E%0%;8# 2%;21I3%2# H# :%2# =.;F2# :%# B=/?(%;<%2# 27.81.3%2# :1BB/=%;82C# J;# %BB%8A# 3%2#
1;B'=0.81';2#E12(%33%2#:%#5.(8%#B=/?(%;<%#27.81.3%#*B1;%2#%8#8=92#:/8.133/%2-#7='G%88%;8#7=1;<17.3%0%;8#.(#
;1E%.(#:(# <'=8%)# E12(%3# E%;8=.3# 7.=#:%2# E'1%2#7.=E'<%33(3.1=%2A# 7='E'?(.;8#:%2# =/7';2%2# 3%;8%2#0.12#:%#
I';;%# =/2'3(81';C# K(.;8# .()# 1;B'=0.81';2# E12(%33%2# :%# I.22%# B=/?(%;<%# 27.81.3%# *F='2219=%2# %8# 7%(#
:/8.133/%2-A# %33%2# 2';8# =/<%781';;/%2# 7.=# 3.# E'1%# :'=2.3%# 7.=1/8.3%# ?(1# .# :%2# <';;%)1';2# .E%<# 3%2# =/F1';2#
2'(2><'=81<.3%2#*3%#<'331<(3(2#2(7/=1%(=#%8# 3%#7(3E1;.=-A# B'(=;122.;8#:%2#21F;.()#E12(%32#=.71:%2#%8#I=(82#H#
34.06F:.3%#E1.#:%2#<.;.()#0.F;'<%33(3.1=%2#*L<5133%=#%8#.3CA#!+"+M#N(133%(01%=#%8#.3CA#OPPQ-C# #
$%2# 8=.E.()# :%# N(133%(01%=# %8# .3CA# *OPPQ-# 'BB=%;8# (;# <.:=%# %)7/=10%;8.3# '=1F1;.3# 7'(=# /E.3(%=#
3410731<.81';#.06F:.31%;;%#%;#=%3.81';#.E%<#34%)128%;<%#:%#<%2#E'1%2#:%#8=.18%0%;8#E1.#3%#B138=.F%#:%2#10.F%2#
/0'81';;%33%2C# &.;2# 2';# /8(:%A# %;# .<<'=:# .E%<# <%33%# :%# $%&'()A# N(133%(01%=# %8# <'33.I'=.8%(=2# *OPPQ-#
0%88%;8# %;# /E1:%;<%# (;%# E'1%# 2'(2><'=81<.3%# :1=%<8%# %;8=%# 3%# 262890%# E12(%3# 7=10.1=%# *!"#"$<'331<(3(2#
2(7/=1%(=A# 7(3E1;.=A# 85.3.0(2-# %8# 34.06F:.3%# ?(1# 2%=.18# .<81E/%# 7=/B/=%;81%33%0%;8# 7.=# 3.# 7=/2%;8.81';#
:410.F%2# /0'81';;%33%2# B138=/%2# %;# RSLC# T# 341;E%=2%A# 3%2# 10.F%2# B138=/%2# %;# U.(8%2# S=/?(%;<%2# *USL-#
27.81.3%2# .<81E%=.1%;8# 0'1;2# 34.06F:.3%A# 3%# 21F;.3# %07=(;8.;8# 3.# E'1%# E%;8=.3%A# .33.;8# :(# <'=8%)# E12(%3#
7=10.1=%#.(#<'=8%)#'<<1718'>8%07'=.3#E1.#3%#F6=(2#B(21B'=0%C#D%2#=/2(38.82#2'(81%;;%;8#3.#:1281;<81';#:4(;#
<'(73.F%# V# RSL# W# N'1%# X.F;'<%33(3.1=%# Y# .6.;8# 7'(=# 'IG%8# 3.# <.8/F'=12.81';# /0'81';;%33%A# E%=2(2# (;#
<'(73.F%#V#USL#W#N'1%#Z.=E'<%33(3.1=%#Y#.6.;8#7'(=#'IG%8#341:%;81B1<.81';#73(2#B1;%C#
D%2# 'I2%=E.81';2# 2(FF9=%;8# 34%)128%;<%# :%# ='(8%2# .;.8'01?(%0%;8# %8# B';<81';;%33%0%;8# :1BB/=%;8%2#
3'=2#:(#8=.18%0%;8#/0'81';;%3C#['(8%B'12A# 13#%28# 107'=8.;8#:%#;'8%=#?(%#3%2#=/2(38.82#:%#$%&'()#=%7'2%;8#
2(=#(;#0':93%#.;10.3#%8#?(%#34%)128%;<%#:%#8%33%2#E'1%2#:%#8=.18%0%;8#:1BB/=%;<1/%2#%28#<';8='E%=2/%#<5%\#
345'00%C# J;# %BB%8A# :%2# /8(:%2# 2'(31F;%;8# ?(%# 3%2# 1;B'=0.81';2# 7.=E%;.;8# H# 34.06F:.3%# %07=(;8%=.1%;8#
/F.3%0%;8# 3.# E'1%# <'=81<.3%# *Z%22'.# %8#]:'3752A# OP!P-C# D%2# .(8%(=2#';8#7='7'2/#(;#0':93%# 2%3';# 3%?(%3#
341;B'=0.81';#E12(%33%#/0'81';;%33%#7.=E%;.;8#H# 34.06F:.3%#%07=(;8%=.18#;';#7.2#(;%#2%(3%#E'1%#0.12#H#
341;E%=2%# :%# 0(38173%2# V#<5%01;2#Y# *S1F(=%# O!-# B.12.;8# 1;8%=E%;1=# 3%# <'=8%)# E12(%3A# 7.=1/8.3# %8# B=';8.3A# 3%#
<1;F(3.1=%A# 341;2(3.#.1;21#?(%# 3%# <'=8%)#'=I18'B=';8.3# *Z%22'.#%8#]:'3752A#OP!!-#7.22.;8# >#'(#;';#W#7.=# 3.#
E'1%#<'331<3(2>7(3E1;.=C#&.;2#<%#<';8%)8%A# 3%2#1;B'=0.81';2#7.=E%;.;8#H#34.06F:.3%#7'(==.1%;8#;%#7.2#^8=%#
27/<1B1?(%0%;8#2%;21I3%#.()#RSL#*&%#D%2.=%1#%8#D':127'81A#OP!Q-A#0.12# 8'(8#.(221#2%;21I3%#.(# 8=.18%0%;8#
:%2# USL# *R(==.# %8# .3CA# OP!Q-# 7.=# 341;8%=0/:1.1=%# :4.(8=%2# E'1%2# :%# 8=.18%0%;8# ?(%# <%33%2# :/<=18%2# 7.=#
N(133%(01%=#%8#<'33.I'=.8%(=2#*OPPQ-C#
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4. 2.   Etude 6 : Objectifs de l’étude IRMf et hypothèses de 
recherche 
%&'($')*+,$-*./,0$').($&1)'($23,+23-$4$5,(.+,+$67&2*818*-$/,$67&59:/&6,$4$67&8/,$/7.',$-*./,$5,'-,$,'$
;<=$ >)'2*8)'',66,?$ @'$ &22)+/$ &1,2$ 2,*$ )AB,2*8>0$ ').($ &1)'($ 58($ ,'$ C6&2,$ .'$ C&+&/8:5,$ ,DC-+85,'*&6$
'-2,((8*&'*$.'$*+&8*,5,'*$-5)*8)'',6$85C68E.&'*$/,($18(&:,($/,$C,.+?$;'(C8+-($/,$67-*./,$/,$F.866,.58,+$
,*$&6?$GHIIJK0$').($&1)'($/,$C6.($5&'8C.6-$6,($>+-E.,'2,($(C&*8&6,(0$&1,2$6739C)*3L(,$/7.',$(,'(8A868*-$C6.($
>)+*,$ /,$ 67&59:/&6,$ C).+$ 6,$ *+&8*,5,'*$ /,($ 85&:,($ /,$ C,.+$ >86*+-,($ ,'$MNO?$ P>8'$ /7)C*858(,+$ 67&2*81&*8)'$
&59:/&68,'',0$ ').($ &1)'($ *,(*-$ 6,$ C&+&/8:5,$ /,$ F.866,.58,+$ ,*$ 2)66&A)+&*,.+($ GHIIJK$ (.+$ .',$ *Q23,$
,DC6828*,$ G2&*-:)+8(&*8)'$ -5)*8)'',66,K$ ,*$ 85C6828*,$ G/8(2+858'&*8)'$ /,$ :,'+,K?$ R,**,$ -*./,$ &$ /)'2$ -*-$
+-&68(-,$&.C+L($/,$C&*8,'*($&**,8'*($/,$6&$5&6&/8,$/7$S$P6T3,85,+$U$4$.'$(*&/,$6-:,+0$/&'($6,$A.*$/,$5,**+,$4$
B).+$ .'$ C&**,+'$ /,$ +-C)'(,$ (C-28>8E.,$ &.D$ C&*8,'*($ E.8$ (,+&8*$ 6,$ *-5)8'$ /,($ &6*-+&*8)'($ &'&*)58E.,($
C+-2)2,($/,$67&59:/&6,?$$
R,**,$-*./,$&$-:&6,5,'*$-*-$5,'-,$23,T$/,($(.B,*($ B,.',($&/.6*,($GVWK$,*$/,($C,+()'',($Q:-,($(&8',($
/&'($ 6,$ A.*$ /7-2&+*,+$ /,($ ,>>,*($ 68-($ &.$ 18,8668((,5,'*$ (&8'$ /&'($ ')*+,$ +,23,+23,$ /,$ 5&+E.,.+$ /,$ 6&$
/9(>)'2*8)'$&59:/&68,'',$/&'($6&$=P?$R)'2,+'&'*0$6,$18,8668((,5,'*$(&8'0$').($').($&**,'/)'($4$)A(,+1,+$
/,($ /->828*($ 2)5C)+*,5,'*&.D$ /&'($ 6&$ *Q23,$ /,$ 2&*-:)+8(&*8)'$ -5)*8)'',66,$ /,($ 85&:,($ /,$ C,.+0$
2,C,'/&'*0$ ').($',$ >&8()'($C&($ 6739C)*3L(,$/7.',$/9(>)'2*8)'$ :6)A&6,$ G2)'*+&8+,5,'*$ 4$ 6&$=PK$/,$ 2,**,$
(*+.2*.+,$ 2)5C&+-,$ &.D$ VW0$ (&23&'*$ E.,$ 2,**,$ (*+.2*.+,$ ,(*$ >&8A6,5,'*$ *).23-,$ /&'($ 6,$ 18,8668((,5,'*$
')+5&6?$ X).*,>)8(0$ 678'>6.,'2,$/,($ *+&8*,5,'*($ -5)*8)'',6($ /&'($ 6,$ 18,8668((,5,'*$ (&8'$ 18&$ 6&$5)/.6&*8)'$
/,($ >+-E.,'2,($ (C&*8&6,($ '7-*&'*$ C&($ 8'1,(*8:.-$ 4$ 2,$ B).+$ /&'($ 6&$ 68**-+&*.+,0$ ').($ '7,D26.)'($ C&($
67)A(,+1&*8)'$/7&2*818*-($/8>>-+,'*8,66,($,'*+,$VW$,*$VP$,'$>)'2*8)'$/.$>86*+&:,?$$
Y',$ (-E.,'2,$ /,$ S$Z)2&68T,+$U$ &$ -:&6,5,'*$ -*-$ ,>>,2*.-,$ C&+$ 23&E.,$ C&+*828C&'*0$ &>8'$ /7&>>8',+$ 6&$
/-*,2*8)'$/,$67&59:/&6,$ 6)+($/,$ 67&'&69(,$/,($+-(.6*&*(?$Z[)AB,2*8>$/.$Z)2&68T,+$-*&8*$/).A6,$\$G!K$Z)2&68(,+$
C+-28(-5,'*$ 6[&59:/&6,$ 23,T$ 23&E.,$C&+*828C&'*0$ 2,$ E.8$ (,+18+&$ 6)+($ /,($ *+&8*,5,'*($ (*&*8(*8E.,($/,$')($
*Q23,($ /78'*-+]*(?$ GHK$ O7&((.+,+$ E.,$ 6,($ /8>>-+,'2,($ /7&2*818*-($ 2-+-A+&6,($ ,'*+,$ 6,($ (.B,*($ B,.',($ ,*$ Q:-($
+-(.6*,'*$/,$5)/8>82&*8)'($/,($*+&8*,5,'*($-5)*8)'',6($,'$>)'2*8)'$/,($>+-E.,'2,($(C&*8&6,($,*$')'$/7.'$
/-268'$/,($C+)2,((.($/,$*+&8*,5,'*$/,($18(&:,($&1,2$67Q:,?$
4. 3.   Matériel et Méthodes 





/&'($ 67;<=$ B.(E.7&.$ A).*$ /.$ C+)*)2)6,0$ ,*$ .'$ *+)8(8L5,$ (.B,*$ &$ /.$ ]*+,$ ,D26.$ /,$ 67&'&69(,$ C).+$
2&.(,$ /7-*&*$ /-C+,((8>?$ P8'(80$ *+)8($ (.B,*($ )'*$ /)'2$ -*-$ 2)'(,+1-($ C).+$ 67&'&69(,$ /,($ +-(.6*&*($
G+,(C,2*81,5,'*$/,$#b0$b#0$,*$_c$&'(K?$
Z,($ 2+8*L+,($ /78'26.(8)'$ 1&6&A6,($ C).+$ *).($ 6,($ (.B,*($ )'*$ -*-$ 6,($ (.81&'*($\$ G!K$ PA(,'2,$ /,$ C+8(,$
/7&'*8/-C+,((,.+($ ,*$ /,$ C(923)*+)C,(0$ GHK$ d-2,((8*-$ /7&1)8+$ .',$ A)'',$ &2.8*-$ 18(.,66,$ '&*.+,66,$ ).$
2)++8:-,0$GJK$PA(,'2,$/,$C&+*82.6,($5-*&668E.,($,*$-6,2*+)'8E.,($/&'($6,$2)+C($GcK$PA(,'2,$/,$/-C+,((8)'$\$
O2)+,$8'>-+8,.+$4$a$(.+$67-23,66,$e,+8&*+82$%,C+,((8)'$O2&6,$Ge%OK$Gf,(&1&:,0$!_##K$).$.'$(2)+,$8'>-+8,.+$4$
J$ C).+$ 6,($ B,.',($ &/.6*,($ (.+$ 67-23,66,$ /,$ M,2g$ G/8*,$ M%;$\$ S$M,2g7($ %,C+,((8)'$ ;'1,'*)+9$U$ GM,2g$ ,*$ &6?0$
!__aKK0$GbK$PA(,'2,$/7.',$C,+()''&68*-$&'D8,.(,$\$O2)+,$/7&'D8-*-`*+&8*$8'>-+8,.+$4$ca$G2)++,(C)'/&'*$4$.'$
'81,&.$ /7&'D8-*-$ *+L($ >&8A6,$ 4$ >&8A6,K$ ).$ /7.'$ -*&*$ &'D8,.D$ *+)C$ -6,1-$6,$ B).+$ /,$ 6&$ C&((&*8)'\$ O2)+,$
/7&'D8-*-`-*&*$8'>-+8,.+$4$ba$G*+L($>&8A6,0$>&8A6,0$).$5)9,'K$G-23,66,$OXP;$\$S$O*&*,`X+&8*$P'D8,*9$;'1,'*)+9$U$
GOC8,6A,+:,+$,*$&6?0$!_#JKK?$$
X).($ 6,($C&+*828C&'*($)'*$-:&6,5,'*$C&((-$ 6,$=8'8$=,'*&6$O*&*,$@D&58'&*8)'$ G==O@$h$ GN)6(*,8'$,*$&6?0$
!_"bKK?$R,$*,(*$&$C,+58($/,$1-+8>8,+$')*&55,'*$E.,$6,($C&*8,'*($S$P6T3,85,+$U$-*&8,'*$&.D$(*&/,($6-:,+($/,$
6&$ 5&6&/8,$ G&1,2$ .'$ (2)+,$ &.$ ==O@$ 2)5C+8($ ,'*+,$ HI$ ,*$ HbK?$ P>8'$ /7&>>8',+$ 67-1&6.&*8)'$ /7.'$ -*&*$ /,$
/-5,'2,0$ 6,($C&+*828C&'*($Q:-($)'*$-:&6,5,'*$ +-C)'/.$4$ 67-23,66,$/,$=&**8($G%8*,$%<O$\$=&**8($%,5,'*8&$
!"#$
$
%&'()*$ +,&-.$/0&''(12$ !#33445$ 6.$ 1.7(-$ 8&'9:-:*(;7.$ <'&)'$ =(><$ ?$ !@A2$ -.1$ 8.B1:)).1$ C*<.1$ D.E&(.)'$
8B<1.)'.B$7)$1,:B.$178<B(.7B$?$!@A$.'$-.1$8&'(.)'1$F$G-H9.(I.B$J$7)$1,:B.$()=<B(.7B5$$
K)=()2$ (-$ <'&('$ D.I&)D<$ 18<,(=(;7.I.)'$ &7>$ 8&'(.)'1$ F$G-H9.(I.B$J$ D.$ E.)(B$ &,,:I8&*)<1$ DL7).$































P&'(.)'1$$ +7Y.'$)f!$ +7Y.'$)f]$ +7Y.'$)f@$
+.>.$ g$ h$ h$
\*.$ 3V$ V3$ #Z$
MK$ `&,$iV$ `&,$i@$ `&,$iV$
00+K$ ]@$ ]@$ ]Z$
+UGO$K'&'$[$UB&('$ ]^$[$]Z$ Z!$[$V#$ ]"$[$@"$
W_+$ @$ V$ V$




















*&1$?0341$2/(+/$ (02(/3+)&<$%&1$ +-(,&1$ 13>/$')3R&/2&1$S$'()/+)$*&$ 0P())+T)&$*&$ 0PUVW$@&)1$.>$-+)3+)$ X+Y2$ 1.)$
0P(>/&>>&$ *(>1$ 0(B.&00&$ 1&$ /)3.@&$ 0($ /Z/&$ *.$ '()/+4+'(>/G$ 0.+$ '&)-&//(>/$ (+>1+$ *&$ @3+)$ 0&1$ +-(,&1$ C(>,0&$
@+1.&0$[$\$Y$N<Q]O<$%&1$'A3/3,)('A+&1$*&$@+1(,&1$2/(+&>/$43>1/+/.2&1$*PA3--&1$&/$*&$ X&--&1$@.1$*&$ X(4&G$
(@&4$ *&1$ &Y')&11+3>1$ X(4+(0&1$ >&./)&1$ 3.$ (-+4(0&1<$ %&$ ?034$ 43-'312$ *&$ '(61(,&1$ +>40.(+/$ *&1$ @.&1$






`&$ ,(.4A&$ S$ *)3+/&$[$ ?.+0*+>,1$ &/$ )3./&1$ C43>1/+/.(>/$ &>1&-?0&1$ 0&$ ?034$ 7$'(61(,&1$:OG$ +-(,&$ ?)3.+002&G$ @+=a,&$ *PA3--&$ (@&4$ .>&$
&Y')&11+3>$(-+4(0&G$@+1(,&$*&$X&--&$(@&4$.>&$&Y')&11+3>$>&./)&<$
$
%&$ '()(*+,-&$ ./+0+12$ '3.)$ 0&1$ /b4A&1$ &Y'2)+-&>/(0&1$ C+-'0+4+/&$ &/$ &Y'0+4+/&O$ 2/(+/$ *&$ /6'&$
7$2@2>&-&>/+&0$:\<$%&1$1/+-.0+$./+0+121$2/(+&>/$*&1$'A3/3,)('A+&1$&>$>3+)$&/$?0(>4$*&$@+1(,&1$*PA3--&1$&/$
*&$ X&--&1$>&./)&1$3.$&Y')+-(>/$ 0($'&.)G$ +11.&1$*&$ 0($?(>B.&$*P+-(,&1$7$J()30+>19($`+)&4/&*$c-3/+3>(0$
_(4&1$:$ C%.>*B@+1/$ &/$ (0<G$ !LL"O<$ d3./&1$ 0&1$ 'A3/3,)('A+&1$ 2/(+&>/$ (.$ X3)-(/$ *&$ QN#$ Y$ ;N#$ '+Y&01G$ &/$
')3R&/2&1$ 1.)$ 0&$ -+)3+)$ *+1'312$ 1.)$ 0P(>/&>>&$ *&$ /Z/&$ *&$ 0PUVW$ C(>,0&$ @+1.&0$[$ \$ Y$ N<Q]O<$ %&1$ X)2B.&>4&1$
1'(/+(0&1$*&1$1/+-.0+$3)+,+>(.Y$C*+/1$e_G$'3.)$7$>3>EX+0/)21$:O$3>/$2/2$X+0/)2&1$'()$.>$X+0/)(,&$'(11&E?(1$CfN$
4640&1g+-(,&O$ '3.)$ 4)2&)$ *&1$ 1/+-.0+$ ?(11&1EX)2B.&>4&1$ C8_FO$ &/$ .>$ X+0/)(,&$ '(11&EA(./$ ChH;$
4640&1g+-(,&O$'3.)$4)2&)$0&1$1/+-.0+$A(./&1EX)2B.&>4&1$Ci_FO$C_+,.)&$HQO<$^A(B.&$@+1(,&$2/(+/$')21&>/2$(.$
4&>/)&$ *&$ 0P24)(>$ '&>*(>/$ H##$ -1$ (@&4$ .>$ +>/&)@(00&$ +>/&)1/+-.0.1$ -36&>$ *&$ !M;#$ -1<$ %($ 1&11+3>$
&Y'2)+-&>/(0&$ ')21&>/&$ *3>4$ N$ 43>*+/+3>1$ CQ$ X)2B.&>4&1$ 1'(/+(0&1$[$ i_FG$ 8_FG$ e_G$ &/$ *&.Y$ /6'&1$





'&)-&/$*P+130&)$ 0&1$43-'31(>/&1$ X3>4/+3>>&00&1$1'24+X+B.&1$S$4A(B.&$43>*+/+3><$k>$3?/+&>/$(+>1+$ 0($-36&>>&$*&$ 0P(4/+@+/2$42)2?)(0&$
'&>*(>/$.>&$2'3B.&G$4&$B.+$>&$'&)-&/$'(1$*P(@3+)$*P+>X3)-(/+3>$1.)$0($4A)3>3-2/)+&$*&1$(4/+@(/+3>1$42)2?)(0&1<$













Procédure & Paradigme 
GH80(,%# IJK6# 3%# ).2<.3%# ,%# 0-./3# 3%33/.43#1# ,H':.-,# (4%# 80'<%# ,%# G.)'7/L%-9# <(/3# ,%(M# 0N)*%3#
%M<8-/2%40'7%3# /4,(/3'40#(4# 0-'/0%2%40# 82.0/.44%7# /2<7/)/0%#<(/3# %M<7/)/0%F# G%3# 30/2(7'0/.43# '(M;(%77%3#
7%3#<'-0/)/<'403#,./O%40#-8<.4,-%#3.40#<-83%408%3#+#7H'/,%#,(#7.&/)/%7#P5Q-/2%RF##
!"#$%&%'()*+,-./*#*0"1('&2&
S.-3# IJK9# 7%# <'-0/)/<'40# -8<.4,'/0# ,'43# (4# <-%2/%-# 0%2<3# '(M# ;(%30/.44'/-%3# ,H/4)7(3/.4# ,8)-/03#
<-8)8,%22%40# =T$U9#V%)W9# UXYI9#KKUP9#K'00/39#ZQIBF#P43(/0%9# 7%3# 0-./3# 38;(%4)%3#%M<8-/2%40'7%3#'@'40#
7/%(#,'43#7HIJK#%0#,80'/778%3#)/5,%33.(3#3%#,8-.(7'/%40#+#7'#3(/0%#%0#,'43#)%0#.-,-%F##
3*.$#"4')&2&




#$'43#)%00%#3%33/.49# 7%# 0-'/0%2%40# /2<7/)/0%#,%3#%M<-%33/.43# 6')/'7%3#'#808#%M'2/48#%4#,%2'4,'40#'(M#
<'-0/)/<'403#,%#^(&%-#7%#&%4-%#,%3#O/3'&%3#;(/#'<<'-'/33'/%409#,'43#(4#<'-',/&2%#,%#0@<%#[#&.A4.#&.#\F#G%3#
3(^%03#,%O'/%40#'<<(@%-# 3(-# 7%#:.(0.4# 7.-3;(H/73#<%-)%O'/%40#(4#O/3'&%#,%# 6%22%#%0# 3H':30%4/-# 7.-3;(H/73#
<%-)%O'/%40# (4# *.22%9# .(# /4O%-3%2%409# 7'# 0N)*%# ,%# ,8)/3/.4# ,%# &%4-%# *.22%A6%22%# 80'40#
).40-%:'7'4)8%#%40-%#7%3#3(^%03F#
56./'&'9+#"."8'&2&
$'43# )%00%# 3%33/.49# 7%# 0-'/0%2%40# %M<7/)/0%#,%3# %M<-%33/.43# 6')/'7%3# '# 808# %M'2/48# %4#,%2'4,'40# '(M#
<'-0/)/<'403#,%#^(&%-#,%#7H82.0/.4#,(#O/3'&%#<-83%4089#,'43#(4#<'-',/&2%#,%#0@<%#[#&.A4.#&.#\F#G%3#3(^%03#
,%O'/%40# '<<(@%-# 3(-# 7%# :.(0.4# 7.-3;(H/73# <%-)%O'/%40# (4# O/3'&%# ,%# <%(-# %0# 3H':30%4/-# 7.-3;(H/73#
<%-)%O'/%40#(4#O/3'&%#4%(0-%F#







,%# -8<.43%3# ).--%)0%3# Ta# =[#S/03# -%3<.43%3#\B# b# Z.2:-%# ,%# -8<.43%3# ).--%)0%3# ZaTa# =[#_.--%)0#
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$
%&'&()*+,-$./0$ 1$ 2&$ ,+34%&$ )+)52$ 67&--5*-8/$ 9&-$ (+3:5%5*-+,-$ 6&$ :&%;+%35,(&-$ &,)%&$ 2&-$ <%+=:&-$ +,)$ >)>$
%>52*->&-$ -+=-$ ?)5)*-)*(5@8ABC$ 2&$ -&=*2$ 6&$ -*<,*;*(5)*D*)>$ >)5,)$ ;*E>$ F$ :GA8AH8$ I+=%$ (+3:5%&%$ 2&-$
:&%;+%35,(&-$6&-$:5)*&,)-$F$(&22&-$6&-$-='&)-$-5*,-C$=,$)&-)$)$3+6*;*>$5$>)>$%>52*->$JK%5L;+%6$&)$M5%)NL5*)&C$
#AA#/8$
4. 3. 4. Acquisition et traitements des images IRMf 







#8@$-C$UY$a$\A$3-C$5,<2&$6&$45-(=2&$`$]]b8$I+=%$ 25$ ->X=&,(&$6&$9+(52*c&%C$ 2&-$:5%53[)%&-$-+,)$ *6&,)*X=&-$
-5=;$ 2&$UQ$a$#8H$ -8$ 9+%-$6&$ 25$ )_(N&$ &E:>%*3&,)52&C$ !"@$D+2=3&-$+,)$ >)>$ 5(X=*-C$ &)$ !#"$D+2=3&-$+,)$ >)>$
5(X=*-$2+%-$6=$9+(52*c&%8$





Traitement des données IRMf 
!"#$"%&$'(')$*+*,%$&%-.+
975,52f-&$ 6&-$ 6+,,>&-$ 5$ >)>$ %>52*->&$ 5D&($ R5)254]8AB$ &,$ =)*2*-5,)$ 2&$ 3+6[2&$ 2*,>5*%&$ <>,>%52$
*3:2>3&,)>$ 65,-$ 2&$ 2+<*(*&2$ ?IR"$ Jg&2(+3&$ h&:5%)3&,)$ +;$ P35<*,<$ i&=%+-(*&,(&C$ 9+,6+,C$ OjC$
N)):`11LLL8;*28*+,8=(28$ 5(8=k1-:3/$ +l$ (N5X=&$ >D[,&3&,)$ &-)$ 3+6&2>$ -=*D5,)$ =,$ 3+6[2&$ 6&$ ;+,()*+,$
N>3+6f,53*X=&8$ I2=-*&=%-$ >)5:&-$ 6&$ :%>)%5*)&3&,)$ -:5)*52$ +,)$ >)>$ 5::2*X=>&-$ 5=E$ 6+,,>&-$ 5;*,$ 6&$ 2&-$
,+%352*-&%$ &)$ :+=D+*%$ &,-=*)&$ 2&-$ (+3:5%&%8$ U+=)$ 6754+%6C$ 2&-$ D+2=3&-$ ;+,()*+,,&2-$ +,)$ >)>$
)&3:+%&22&3&,)$(+%%*<>-$5D&($25$(+=:&$,b!@$(+33&$%>;>%&,(&C$65,-$2&$4=)$675))>,=&%$2&-$&;;&)-$(5=->-$:5%$
2&-$ 6*;;>%&,(&-$ 6&$ )&3:-$ 675(X=*-*)*+,$ 6&$ (N5X=&$ (+=:&8$ 9&-$ D+2=3&-$ +,)$ &,-=*)&$ >)>$ %>52*<,>-$ :+=%$
3*,*3*-&%$ 2&-$ 3+=D&3&,)-$ 6&$ )m)&$ 6&-$ :5%)*(*:5,)-8$ 9&$ :%&3*&%$ D+2=3&$ 6&$ 25$ :%&3*[%&$ -&--*+,$
675(X=*-*)*+,$ ;+,()*+,,&22&$ 5$ >)>$ :%*-$ (+33&$ D+2=3&$ 6&$ %>;>%&,(&8$ 97>)5:&$ 6&$ n$(+S%&<*-)&%$.$ 5$ :&%3*-$
675'=-)&%$ 2&$ D+2=3&$ 5,5)+3*X=&$ :+,6>%>$ &,$ U!$ 5=E$ *35<&-$ 3+f&,,&-$ (%>>&-$ :5%$ 25$ :%+(>6=%&$ 6&$
%>52*<,&3&,)C$:=*-$*2$5$&,-=*)&$>)>$,+%352*->$F$27&-:5(&$RiP$&,$=)*2*-5,)$=,&$*,)&%:+25)*+,$)%*2*,>5*%&8$9&-$










2&-$ :&%-+,,&-$ _<>&-$ -5*,&-C$ &,$ ->2&()*+,,5,)$ (+33&$ %><%&--&=%-$ 2&-$ )%+*-$ (+,6*)*+,-$ 5--+(*>&-$ F$ (&))&$
)_(N&$&)$(+%%&-:+,65,)$5=$)f:&$67*35<&$:%>-&,)>&$5=E$-='&)-$JD*-5<&-C$:5f-5<&-C$&)$*35<&-$4%+=*22>&-/8$9&$
(+,)%5-)&$op*-5<&-$q$I5f-5<&-$r$P35<&-$s%+=*22>&-0$:&%3&)$6&$%>D>2&%$2&-$-)%=()=%&-$(>%>4%52&-$5--+(*>&-$
































N*)$ 3*3-G.)$ 831$ 1';/9*$ %&/*+'1^+$ O_XIP$ 2/M-')$ .,1$ -&3<G;%3-)$ 3$ '+'$ 1'3-/.')$ 30/*$ %)$ ('1/0/)1$ *9.$
5G89+5`.).$ M/)*$ .8'2/0/?,).$ 29*2)1*3*+$ .9*$ 32+/(3+/9*$ 81'0'1)*+/)--)$ 89,1$ -).$ /<3;).$ JST$ %)$ 8),1C$ )+$
-&'(9-,+/9*$%)$ .9*$32+/(/+'$ )*+1)$ -).$%/00'1)*+.$ ;19,8).$%&:;)$ )+$83+/)*+.$ @$A-65)/<)1$B=$ L).$ 2991%9**').$
3<G;%3-/)**).$<9G)**).$9*+$'+'$%'+)1</*').$Q$831+/1$%).$2991%9**').$)4+13/+).$89,1$253?,)$831+/2/83*+$
;1:2)$ 3,$ L923-/6)1C$ 2)-,/W2/$ 3G3*+$ 8)1</.$ %)$ %'0/*/1$ -&3<G;%3-)$ 09*2+/9**)--)<)*+=$ A$ 831+/1$ %)$ 2).$
2991%9**').C$*9,.$3(9*.$)4+13/+$-)$89,12)*+3;)$%)$253*;)<)*+$%)$./;*3-$%).$3<G;%3-).$%19/+)$)+$;3,25)$
89,1$ 253?,)$ .,7)+$ .3/*$ %3*.$ -3$ +:25)$ /<8-/2/+)$ 8,/.$ )48-/2/+)=$ >9,1$ -).$ 83+/)*+.$ @$A-65)/<)1$BC$ -)$
89,12)*+3;)$ %)$ 253*;)<)*+$ %)$ ./;*3-$ 3$ '+'$ )4+13/+$ .,1$ -3$ M3.)$ %).$ 2991%9**').$ /*%/(/%,)--).$ %)$ 2).$
%)1*/)1.$ 9M+)*,).$ 3,$ L923-/6)1=$ L&)4+132+/9*$ %,$ 89,12)*+3;)$ %)$ 253*;)<)*+$ %)$ ./;*3-$ .)$ 03/+$ 831$
-&)4+132+/9*$%).$8313<`+1).$).+/<'.C$2a).+WQW%/1)$-).$@$M^+3.$B$ObP=$L3$<'+59%)$%&)4+132+/9*$%).$8313<`+1).$
).+/<'.$8)1<)+$%)$23-2,-)1$-)$89,12)*+3;)$%)$253*;)<)*+$%)$./;*3-$89,1$,*)$1';/9*$%&/*+'1^+$Q$831+/1$%)$
















%&'$ (')&*+)'$ ,&,-./'$ ,$ 010$ )0,-*/0'2$ 3'11'$ ,&,-./'$ ,$ 45&/*/10$ 6$ 7'/8)')$ -'/$ 45))0-,1*5&/$ '&1)'$ -'$
958)4'&1,:'$('$4;,&:'7'&1$('$/*:&,-$(,&/$-<,7.:(,-'$5=1'&8$(,&/$-'/$1>4;'/$'?9-*4*1'$'1$*79-*4*1'$'1$-'/$
@,)*,=-'/$ &'8)59/.4;5-5:*A8'/2$ B,$ @,-'8)$ (8$ 958)4'&1,:'$ ('$ 4;,&:'7'&1$ ('$ /*:&,-C$ 45))'/95&(,*1$ 6$ -,$
(*DD0)'&4'$ (8$ /*:&,-$ 5=1'&8C$ 958)$ 4;,A8'$ D)0A8'&4'$ '1$ (,&/$ 4;,A8'$ ;07*/9;+)'C$ '&1)'$ -,$ 45&(*1*5&$
E$F'8)$G$ '1$ E$H'81)'$G2$ B'/$ @,)*,=-'/$ &'8)59/.4;5-5:*A8'/$ 81*-*/0'/$ 5&1$ 010$ -'/$ 04;'--'/$ ('$ (09)'//*5&C$
-<,&?*010I01,1$ '1$ -<,&?*010$ 1),*12$ 35&4')&,&1$ -'/$ 04;'--'/$('$(09)'//*5&C$ *-$ ,$ 010$75&1)0$A8'$ 4'$ 1)58=-'$('$
-<;87'8)$ /<,44579,:&'$ (<8&'$ 75(8-,1*5&$ ('/$ 9)54'//8/$ 0751*5&&'-/$ JK8(-'.$ '1$ ,-2C$ LMMLN2$ H58/$
4;')4;')5&/$ (5&4$ /*$ -'/$ /45)'/$ ('$ (09)'//*5&$ /5&1$ )'-*0/$ 6$ -,$ 75(8-,1*5&$ ('$ -<,41*@*10$ ('$ -,$ /1)8418)'$
,7.:(,-*'&&'2$ O&/8*1'C$ 9-8/*'8)/$ ,81'8)/$ 5&1$ /58-*:&0$ A8'$ -<,41*@,1*5&$ ('$ -<,7.:(,-'$ 01,*1$ ,//54*0'$ ,8$
&*@',8$ (<,&?*010$ ('/$ /8P'1/$ JQ*/;59$ '1$ ,-2C$ LMM#R$ O1S*&$ '1$ ,-2C$ LMM#R$ T*7$ '1$ U;,-'&C$ LMMVNC$ &58/$
)'4;')4;')5&/$(5&4$ ,8$ 1),@')/$('$ 4'11'$ ,&,-./'$('/$ 0-07'&1/$ 45&45)(,&1/$ ,8?$ )0/8-1,1/$('$ 4'/$ ,81'8)/2$
H58/$&<,@5&/$9,/$'DD'4180$-'/$45))0-,1*5&/$/8)$-,$9598-,1*5&$WX$'&$),*/5&$(8$D,*=-'$'DD'41*D2$$
4. 4.   Résultats 




K8$ D,*1$ ('$ -<'?*/1'&4'$ (<8&$ 'DD'1$ (<>:'C$ &58/$ ,@5&/$ 4579,)0$ -'/$ 9')D5)7,&4'/$ ('/$ 9,1*'&1/$ WX$
8&*A8'7'&1$,@'4$-'/$/8P'1/$>:0/$/,*&/2$X848&$('/$1)5*/$9,1*'&1/$&<,@,*1$('/$9')D5)7,&4'/$/*:&*D*4,1*@'7'&1$
(*DD0)'&1'/$('$4'--'/$('/$FX2$$
4. 4. 2. Localizer 
!"#$%&'#$"($&'
B<,&,-./'$ ('$ :)589'$ 'DD'4180'$ ,@'4$ -'/$ P'8&'/$ ,(8-1'/$ JH^!#N$ )0@+-'C$ 958)$ -'$ 45&1),/1'$ `Z*/,:'/$ a$
F,./,:'/$ b$ c7,:'/$ Q)58*--0'/dC$ ('/$ ,41*@,1*5&/$ 40)0=),-'/$ /*:&*D*4,1*@'/$ J9eM2MM!N$ (,&/$ -'/$ /1)8418)'/$
/8*@,&1'/$f$ -'$ :.)8/$ 1'795),-$75.'&$ ()5*1C$ -'/$ :.)*$ 1'795),8?$ /890)*'8)/$ =*-,10),8?C$ -'$ :.)8/$ 1'795),-$
*&D0)*'8)$ :,84;'C$ -'/$ :.)*$ D8/*D5)7'/$ =*-,10),8?C$ -'/$ ;*9954,79'/C$ -'/$ ,7.:(,-'/C$ -'$ :.)8/$ 544*9*1,-$
*&D0)*'8)$ :,84;'C$ -'$ :.)8/$ 544*9*1,-$ 75.'&$ :,84;'C$ -'$ -5=8-'$ 9,),4'&1),-$ :,84;'C$ ,*&/*$ A8<,8$ &*@',8$ (8$
4')@'-'1$ J]*:8)'$L#N2$3'/$ )0/8-1,1/$ @5&1$(,&/$ -'$ /'&/$('$&5/$;.951;+/'/$f$ -5)/$(8$ 1),*1'7'&1$('/$@*/,:'/$
9)0/'&10/$ (,&/$ -'$ B54,-*g')C$ -'/$ ,41*@,1*5&/$ 40)0=),-'/$ ('/$ P'8&'/$ ,(8-1'/$ 45))'/95&('&1$ 6$ 4'$ A8*$ 01,*1$











c7,:'/$ Q)58*--0'/d$ )0@+-'$ A8'C$ -5)/$ (8$ 1),*1'7'&1$ ('/$ @*/,:'/C$ -'/$ 9')/5&&'/$ >:0'/$ ,41*@'&1$
!"#$
$
%&'(&)&*+,&-./.(,$ 0123433!5$ 6.%$ %,78*,87.%$ %8&-+(,.%$9.$ /+(&:7.$ ;&6+,<7+6.$ =$ 6.$ 17<*8(.8%>$ 6.$ *8(.8%>$ 6.$




6.$17<*8(.8%$0+11+7,.(+(,$+8$ 6@;86.$1+7&<,+6$%81<7&.875$.,$ 6.$*8(.8%$0%.$ ,7@8-+(,$%87$ 6+$ )+*.$ &(,.7(.$98$
6@;.$@**&1&,+654$$
$
!"#$%&' ()'*' +,-"./-"012' ,3%34%/5&2' 2"#1"6",/-".&2' 789:;;<=' 04-&1$&2' 80$%' 5&2' 8&%2011&2' >#3&2' 2/"1&2' 7?@<A=' 80$%' 5&'













C.$ *@(,7+%,.$ MV&%+'.%$ O$ T+?%+'.%$ W$ X/+'.%$Y7@8&66<.%Q$ 7<-:6.$ H8.$ 1@87$ *.$ 1+,&.(,>$ 6.$ ,7+&,./.(,$ 9.%$
-&%+'.%$.%,$*@77<6<$Z$6A+*,&-+,&@($9.$(@/;7.8%.%$7<'&@(%$*<7<;7+6.%4$C.%$+*,&-+,&@(%$%&'(&)&*+,&-.%$9.%$'?7&$
)8%&)@7/.%$;&6+,<7+8F$0123433!5>$9.%$'?7&$,./1@7+8F$%81<7&.87%$;&6+,<7+8F$0123433#5>$9.%$'?7&!@**&1&,+8F$
&()<7&.87%$ ;&6+,<7+8F$ 0123433#5>$ .,$ 9.$ 6A+/?'9+6.$ '+8*B.$ 012343[5$ )@(,$ 1+7,&.$ 9.%$ +*,&-+,&@(%$ +,,.(98.%$
6@7%$ 98$ ,7+&,./.(,$ 9.%$ -&%+'.%>$ 9A+17:%$ 6.%$ 9@((<.%$ 9.$ 6+$ 6&,,<7+,87.4$ LA+8,7.%$ %,78*,87.%$ %@(,$
%&'(&)&*+,&-./.(,$ +*,&-<.%$ *B.R$ *.$ 1+,&.(,$ 6@7%$ 98$ ,7+&,./.(,$=$ 6.$ '?78%$ 9.$ I.%*B6$ 97@&,$ 0123433!5>$ 6.%$
@1.7*86.%$ 7@6+(9&H8.%$ '+8*B.$ .,$ 97@&,$ 0123433!5>$ 6.$ '?78%$ )7@(,+6$ &()<7&.87$ 0123433!5>$ 6A+&7.$ /@,7&*.$
%8116</.(,+&7.$'+8*B.$0123433!5>$6.$'?78%$17<*.(,7+6$97@&,$0123433#5>$C.$'?78%$1+7&<,+6$&()<7&.87$;&6+,<7+6$













%&'($ )*$ +',-+./.0+$ ).($ 1-(,2.(3$ 4.$ 5,+-.0+$ 5'6(.0+.$ ).($ ,4+-1,+-&0($ (-20-7-4,+-1.($ ),0($ 8.$ 29'*($
7*(-7&'/.$)'&-+$:5;<=<<!>$.+$2,*4?.$:5;<=<@>3$),0($8.$29'*($&44-5-+,8$-076'-.*'$)'&-+$:5;<=<<@>$,-0(-$A*B,*$
0-1.,*$)*$4.'1.8.+$)'&-+$:5;<=<<!>=$$
4. 4. 3. Tâche implicite  
!"#$%&'()'(*#+,#"-'(.!/01!2(3'4"'&(*&5(!67&(
C&*'$ 4&/5,'.'$ 8.($ $ 5.'7&'/,04.($ ).($ D.*0.($ ,)*8+.($ .+$ ).($ 5.'(&00.($ E26.($ (,-0.($ 8&'($ ).$ 8,$ +E4?.$
-/58-4-+.3$ *0.$ FGHIF$ ,$ 6+6$ '6,8-(6.$ (*'$ 8.$ 4.'1.,*$ .0+-.'=$ C&*'$ ',55.83$ 8.($ 1,'-,J8.($ -0)65.0),0+.($
*+-8-(6.($(&0+$ 8.($(*-1,0+.($K$ 8BE2.$:).*L$4&0)-+-&0($K$ D.*0.(3$E26(>$.+$ 8.$+95.$).$7-8+',2.$:+'&-($4&0)-+-&0($K$
MNO$:5.*'P0.*+'.>3$QNO$:5.*'P0.*+'.>3$GN$:5.*'P0.*+'.>>=$
R0$.77.+$5'-04-5,8$).$ 8BE2.$ :-0)65.0),//.0+$)*$ +95.$).$ 7-8+',2.>$ 8&'($)*$ +',-+./.0+$).($.L5'.((-&0($
7,4-,8.($ ).$ 5.*'$ 5,'$ ',55&'+$ ,*L!0.*+'.($ ,$ 6+6$/-($ .0$ 61-).04.3$ '6168,0+$ ).($ ,4+-1,+-&0($ )-776'.0+-.88.($
.0+'.$8.($D.*0.($,)*8+.($.+$8.($5.'(&00.($E26.($,*$0-1.,*$).($(+'*4+*'.($(*-1,0+.($K$8.$7*(-7&'/.$)'&-+$:S<$T$





Z$ 8BE2.>3$5'.0,0+$58,4.$),0($ 8.($'62-&0($)6+,-886.($),0($ 8BF00.L.$@$:)*$/,0*(4'-+>=$[.($'62-&0($(B,4+-1.0+$
)&04$ )-776'.//.0+$ (.8&0$ 8,$ 7'6A*.04.$ (5,+-,8.$ ).($ 1-(,2.($ ).$ 5.*'$ 5'6(.0+6(3$ 5,'$ ',55&'+$ ,*L$ 1-(,2.($
0.*+'.(=$%.($,/92),8.($:N-2*'.$W#>$2,*4?.$:PW\$T$P#=U$T$P!!=@3$8V!W=XS3$9V\3$5;<=<<!>$.+$)'&-+.$:PW\=#$T$P\$T$P
!!=@3$8VX=<U3$9V#3$ 5;<=<<!>$ 7&0+$ 5,'+-.$ ).($ (+'*4+*'.($ -078*.046.($ 5,'$ 8,$ 7'6A*.04.$ (5,+-,8.$ ).($ -/,2.($






R0.$ -0+.',4+-&0$ .0+'.$ 8BE2.$ .+$ 8.$ +95.$ ).$ 7-8+',2.$ ,$ 62,8./.0+$ 6+6$ '.4?.'4?6.3$ ,7-0$ ).$ '6168.'$ 8.($
(+'*4+*'.($)&0+$8B,4+-1,+-&0$.(+$-078*.046.$Z$8,$7&-($5,'$8BE2.$.+$8,$7'6A*.04.$(5,+-,8.$).$8B.L5'.((-&0$7,4-,8.$
6/&+-&00.88.$ ).$ 5.*'$ 5'6(.0+6.=$ %.($ (+'*4+*'.($ 4&04.'06.($ 5,'$ 8B-0+.',4+-&0$ 4&/5'.00.0+$ 8.$ 29'*($
+./5&',8$ /&9.0$ 2,*4?.$ :5;<=<<!>3$ 8.$ 29'*($ ,02*8,-'.$ 2,*4?.$ :5;<=<<!>$ .+$ )'&-+$ :5;<=<<@>3$ 8.$ 29'*($
(*5',/,'2-0,8$ 2,*4?.$ :5;<=<<@>3$ 8.$ 29'*($ 5,'-6+,8$ -076'-.*'$ 2,*4?.$ :5;<=<<@>3$ 8.$ 29'*($ 4-02*8,-'.$
,0+6'-.*'$ 2,*4?.$ :5;<=<<@>3$ 8.$ 29'*($ 7'&0+,8$ (*56'-.*'$ /6)-,0$ J-8,+6',8$ :5;<=<<@>3$ 8.$ +?,8,/*($ )'&-+$
:5;<=<<@>3$.+$8.$5,88-)*/$)'&-+$:5;<=<<@>=$G&+'.$'62-&0$)B-0+6']+$,/92),8-.00.$0B.(+$5,($'.((&'+-.$).$4.++.$





'62-&0$ )B-0+6']+$ :8.($ +,J8.,*L$ ).($ ,*+'.($ 5,+-.0+($ (&0+$ 5'6(.0+6($ .0$ F00.L.$ @>=$ ^0$ .77.+3$ 8.($ ,/92),8.($
J-8,+6',8.($ ,44&/5,206.($ ).($ ?-55&4,/5.($ J-8,+6',*L3$ ).($ 29'-$ 5,',?-55&4,/5-A*.($ J-8,+6',*L3$ .+$ )*$
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$
%&'(&)&*$ +,-%.&$ /01*$ /-',%*2(3/$40-'$ )&$ %01*',/*&$ 5678$4&-'$9$:78$4&-';<$ =>21*&',%*201$ &1*'&$ )&$ *?4&$@&$
A2)*',+&$&*$ )&$ *?4&$@>3B0*201$,1,)?/3&$(2,$ )&$%01*',/*&$5678$4&-'$C$678$1&-*'&$9$:78$4&-'$C$:78$1&-*'&;$
'3(D)&$ )&/$ /*'-%*-'&/$ @01*$ )>,%*2(,*201$ &/*$ 21A)-&1%3&$ E$ ),$ A02/$ 4,'$ ),$ A'3F-&1%&$ /4,*2,)&$ &*$ )>&G4'&//201$
A,%2,)&$3B0*2011&))&$@&$)>2B,+&$4'3/&1*3&$H$)>.2440%,B4&$+,-%.&$I4JK<KK!L$&*$)&$+?'-/$4,',.2440%,B42F-&$
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P0BB&$4'3%2/3$@,1/$ ),$4,'*2&$B3*.0@0)0+2F-&N$ %&**&$,1,)?/&$&1$XYZ$,$3*3$ %01/*'-2*&$ /-'$ ),$[,/&$@&/$
%00'@0113&/$,B?+@,)2&11&/$0[*&1-&/$)0'/$@-$=0%,)2Q&'<$=>,1,)?/&$%0B4,',*2(&$&1*'&$)&/$/-\&*/$ \&-1&/$&*$
]+3/$@-$=0%,)2Q&'$1>,?,1*$B01*'3$,-%-1&$@2AA3'&1%&$@>,%*2(,*201$@,1/$),$'3+201$,B?+@,)2&11&N$10-/$,(01/$
%0B[213$ &1/&B[)&$ -1&$ %00'@0113&$ B0?&11&$ 2//-&$ @-$ %)-/*&'$ @>,%*2(,*201$ 0[*&1-$ )0'/$ @&$ )>,1,)?/&$
5^2/,+&/$9$_,?/,+&/$`$ ZB,+&/$6'0-2))3&/;$@&$%&$+'0-4&$&1*2&'$I1UO#L$@&$/-\&*/$a$/,21/$b$I72+-'&$O"L<$=&/$












$%&# '(&)*+,+&# -%# *./012/# &3)&# 4+,+5&+56,# 73)&# 837+'%7+# *.,9&%76%# -.)7# %::%+# -%# *.;<%# =>=!?@ABCD?!E?#
FCD?G"B#,57&5#H)%#*.,9&%76%#-.)7#%::%+#-%#*,#*,+(',*5+(#=>=!?@ABCD?E"?#FCD?I"BJ#K7#'%L,76M%?#5*#%N5&+%#)7#%::%+#
F'5765F,*# -%# *.(83+537# =>=!?@ABC!@?GA?# FCDJDD!B?# )7# %::%+# F'5765F,*# -%# *,# :'(H)%76%# =>=@?ADBC!D?"O?#
FPDJDD!B?#,57&5#H).)7%#57+%',6+537#%7+'%#:'(H)%76%#%+#(83+537#=>=@?ADBCE?DI?#FCDJD@BJ#
$.%::%+# F'5765F,*# -%# *.(83+537# L,# -,7&# *%# &%7&# -.)7%# ,6+5L,+537# F*)&# <',7-%# -%# *.,8Q<-,*%# :,6%# ,)N#
L5&,<%&#-%#F%)'?#F,'#',FF3'+#,)N#L5&,<%&#7%)+'%&?#%+#6%#H)%**%#H)%#&35+#*,#:'(H)%76%#&F,+5,*%#-%&#58,<%&?#*,#
*,+(',*5+(#-%#*.,8Q<-,*%#%+#*.;<%J##
$3'&H).37#%::%6+)%#-%&#638F,',5&37&#F*,75:5(%&#F3)'#(+)-5%'# *.%::%+#F'5765F,*#-%# *,# :'(H)%76%#-%#F*)&#
F'R&?#37#39&%'L%#H).5*#7.Q#,#F,&#-%#-5::('%76%&#&5<75:56,+5L%&#-.,6+5L,+537&#,8Q<-,*5%77%&#%7+'%#*%&#58,<%&#
S>4# %+# T>4# U>=!?@ABCD?GE?# FCDJV!WJ# X3)+%:35&?# *,# -5::('%76%# %7+'%# *%&# 58,<%&# S>4# %+# 0># %&+# &5<75:56,+5L%#
U>=!?@ABC!@?G!?#FCDJDD!W#,57&5#H).%7+'%#*%&#58,<%&#T>4#%+#0>#U>=!?@ABC!"?E@?#FPDJDD!WJ#
$.(+)-%#-%#*.57+%',6+537#=>5<)'%#@OB#%7+'%#:'(H)%76%#%+#(83+537#'(LR*%#H)%#F3)'#*%&#58,<%&#S>4?#5*#7.Q#,#
F,&# -%# -5::('%76%# &5<75:56,+5L%# -.,6+5L,+537# ,8Q<-,*5%77%# -,7&# *%# +',5+%8%7+# -%&# %NF'%&&537&# :,65,*%&#
7%)+'%&# %+# -%# F%)'# U>=!?@ABC@?!V?# FCD?!AWJ# K7# '%L,76M%?# F3)'# *%&# 58,<%&# T>4?# 5*# %N5&+%# )7%# -5::('%76%#
&5<75:56,+5L%#-,7&#*%#+',5+%8%7+#-%&#58,<%&#-%#F%)'#F,'#',FF3'+#,)N#7%)+'%&#U>=!?@ABCO?@E?#FCDJDDAW?#,**,7+#










-5::('%76%&# -.,6+5L,+537&# ,8Q<-,*5%77%&# 39+%7)%&# ,L%6# *,# F3F)*,+537#]/# &)'# *,# +;6M%# 58F*565+%J# \3)'# *,#
&)5+%#-%&#,7,*Q&%&?#73)&#,L37&#-376#638F,'(#*%&#'(&)*+,+&#39+%7)&#6M%^#*%&#F,+5%7+&#]/#,L%6#*.%7&%89*%#
-)# <'3)F%# -%# &)_%+&# &,57&J# 0.,Q,7+# (<,*%8%7+# F,&# -(837+'(# -%#83-)*,+537# -%# *,# *,+(',*5+(?# 73)&# ,L37&#
'%<'3)F(#*%&#,8Q<-,*%&#<,)6M%#%+#-'35+%#-,7&#*%&#F'36M,57%&#,7,*Q&%&#638F,',+5L%&#,L%6#*,#]/J##
#
\3)'# *%# F,+5%7+# !?# &%)*%# *,# 637-5+537# T>4`\%)'# '(LR*%# -%&# -5::('%76%&# &5<75:56,+5L%&# -.,6+5L,+537&#


















































%&'()%$*('+*),)(-$ ./0%$1*$ -0&'-),)(-$1)%$ ',&2)%$345$1)$6)*0$7-89:;<=#>$68<;<=?;$@)$,&('A0)$2B(B0&.)>$
C)--)$-DCE)$',6.'C'-)$%),F.)$%G&CC/,6&2()0$1G*($60/H'.$1GEI6/9&C-'J&-'/($&,I21&.')(()$CE)K$C)%$6&-')(-%;$$
$
L)%$ &(&.I%)%$ 1)$ C/00B.&-'/($ (G/(-$ ,'%$ )($ BJ'1)(C)$ &*C*()$ 0).&-'/($ %'2('H'C&-'J)$ )(-0)$ .)%$ J&0'&F.)%$
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Chapitre V.  Discussion générale, 
perspectives & conclusion 
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1.  Principaux résultats 
1. 1.   Atrophie précoce de l’amygdale dans la MA 
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-'1$&)526&50,'$31$)&$4,''1450.052$C,'450,''1))1$1'561$)*&/9:3&)1$15$)1$62(1&-$4262E6&)$7&6$32C&-5$




%&'($ )$ *+,'-.-/($0($ &',12*(3$ 4,./-&-53$ '(/4,/&'63$ 07/3$ *7$89:$ ;7'$ *7$ 06<,/3&'7&-,/$0+1/($=('&($
>,*1<-?1($0($*+7<@.07*($0+(/>-',/$ABC$07/3$*(3$=D73(3$0621&7/&(3E$/,13$>7*-0,/3$*7$=('&-/(/4($
0+-/>(3&-.1('$ =*13$ =7'&-41*-F'(<(/&$ 4(&&($ 3&'14&1'($ 07/3$ *7$ 89:$ G7$ '(*7&-,/$ (/&'($ *+7&',=D-($
7<@.07*-(//($ (&$ *(3$ &',12*(3$ 4,./-&-53$ (3&$ 1/($ ='(1>($ 31==*6<(/&7-'($ 0($ *7$ 3(/3-2-*-&6$ 0($ *7$
<6&D,0($89;HI$ 7-/3-$ ?1($ *7$ J13&-5-47&-,/$ 0+-/>(3&-.1('$ 0(3$ '6=('4133-,/3$ =*13$ 3=64-5-?1(3$ 71$
5,/4&-,//(<(/&$0($4(&&($3&'14&1'(:$$
1. 2.   Argumentaires de la présence de troubles précoces du 
traitement des émotions en lien avec la dysfonction de 
l’amygdale dans la MA 
8%<($3+-*$/+(3&$=73$(K4*1$?1($0+71&'(3$7&&(-/&(3$46'62'7*(3$?1($4(**(3$0(3$7<@.07*(3$7-(/&$0(3$





7*:E$ ABB"N:$ T(=(/07/&E$ 0($ =7'&$ *+(K&'%<($ >7'-6&6$ 0($ =',5-*3$4,/4('/7/&$ *(3$ &',12*(3$
4,<=,'&(<(/&71K$ L!"#"$$ 06='(33-53E$ 7=7&D-?1(3E$ 7>(4$ -''-&72-*-&6E$ 7>(4$ 7/K-6&6N$ (&$ 0($ *(1'3$
5*14&17&-,/3$71$4,1'3$0($*7$89E$/,13$/($=(/3,/3$=73$?1+-*$3+7.-33($*)$0($&',12*(3$3=64-5-?1(<(/&$





G+-<=*-47&-,/$ <7J(1'($ 0($ *+7<@.07*($ 07/3$ *7$ <6<,-'($ 6<,&-,//(**($ /,13$ 7$ 7<(/6$ )$
(K7<-/('$ 0($ =*13$ ='F3$ *(3$ 065-4-&3$ ,23('>63$ =,1'$ 4($ =',4(3313$ 07/3$ *7$ 89:$ G+!"#$%& '$ 7$ 6&6$
'67*-36($07/3$*($21&$L!N$0+-/0(K('$*(3$'6=('4133-,/3$=,33-2*(3$0($*+7&&(-/&($0($4(&&($3&'14&1'(E$LAN$
0($ 4,<='(/0'($ *7$ 5,'&($ D6&6',.6/6-&6$ 0(3$ 6&10(3$ (&$ LQN$ 0($ =',=,3('$ 1/$<,0F*($ (K=*-47&-5$ 0(3$
0-556'(/&(3$<60-7&-,/3$ 0($ *+7<@.07*($ (/$ 5,/4&-,/$ 01$ 4,/&(K&($ 0($<6<,-'($ L%"!"$$ 064*7'7&-5E$ /,/$
064*7'7&-5N:$G7$=*1=7'&$0(3$6&10(3$7@7/&$6>7*16$*+-/5*1(/4($0($*+7&&(-/&($7/7&,<-?1($7<@.07*-(//($
07/3$ *(3$065-4-&3$0($<6<,-'($6<,&-,//(**($ *+,/&$ &(3&6$>-7$0(3$4,''6*7&-,/3$ LG7/0'($(&$7*:E$AB!QP$
8,'-$(&$7*:E$!"""P$;(''-/$(&$7*:E$AB!AP$R4D1*&S$(&$7*:E$ABB"N:$X,1&(5,-3E$4,<<($/,13$*($3,1*-./,/3$
=*13$D71&$ (&$07/3$ *+6&10($AE$ '(4D('4D('$1/-?1(<(/&$0(3$ -/0-47&(1'3$(/$ &('<(3$0+7&',=D-($=(1&$
3+7>6'('$*-<-&6:$H/$(55(&E$0+7='F3$/,&'($6&10($!E$*7$89$3+744,<=7./($0+1/($7&',=D-($0($*+7<@.07*(E$
<7-3$0+7='F3$/,&'($6&10($AE$-*$/+(K-3&('7-&$=73$=,1'$71&7/&$3@3&6<7&-?1(<(/&$1/($7*&6'7&-,/$0($*7$
<6<,-'($ 6<,&-,//(**($ 4D(S$ *(3$ =7&-(/&3:$ T(3$ 6*6<(/&3$ /,13$ ,/&$ 0,/4$ /7&1'(**(<(/&$ 7<(/6$ )$





5(*$(#I&+&*# 2,*1%2/,3,*.#0,# '5# /%**,/.(9(.8# 1%*/.(%**,'',# ,*.2,# '+537)05',#)5&/D,#,.# ',# /%2.,-#
42812%*.5'# )5&/D,# /D,E# ',$# 45.(,*.$# JK# /%34528$# 5&-# $&L,.$# M)8$# $5(*$# '%2$# 0+&*,# .M/D,# 0,#
383%(2,#0,#.2595('<#F%&.,1%($6#/,#I&(#'(3(.,#'5#4%2.8,#0,#/,$#28$&'.5.$#05*$#',#/502,#0,#*%$#8.&0,$#











54452&# $5.($15($5*.$# 05*$# '5# 4%$$(A('(.8# 0,# 3,..2,# ,*# 89(0,*/,# 0,$# .2%&A',$# 83%.(%**,'$#
537)05'%C084,*05*.$<#T*#5-,#(34%2.5*.#0+8.&0,$#5#2,/D,2/D8#0,$#081(/(.$#05*$#',$#38/5*($3,$#
0,#2,/%**5($$5*/,#83%.(%**,'',#05*$#'5#JK<#G,$#38/5*($3,$#*%&$#%*.#54452&#4'&$#$48/(1(I&,$#O#





^,#35*(P2,# /2&/(5',6# *%&$# 59%*$# $%&D5(.8#3,..2,# ,*# 89(0,*/,# '+,-($.,*/,# 0,# 081(/(.$# 0,# '5#
2,/%**5($$5*/,# 0,$# 83%.(%*$# /D,E# *%$# 45.(,*.$<# _*# 5//%20# 59,/# *%.2,# 428%//&45.(%*# 0,#
$+51125*/D(2#0,$#8'83,*.$#*%*#$48/(1(I&,$#5&#.25(.,3,*.#0,#'+83%.(%*6#&*#0,&-(P3,#%AL,/.(1#5#8.8#
0+(0,*.(1(,2# $(# /,$# 081(/(.$# 8.5(,*.# .%&L%&2$# 428$,*.$# &*,# 1%($# I&,# ',$# .2%&A',$# /%)*(.(1$# 8.5(,*.#
8/52.8$<#H,$#28$&'.5.$#0,# '+!"#$%&'#%*.#3($#,*#89(0,*/,#&*#081(/(.#0,# '5#/545/(.8#0,#08/%0,2# ',$#
83%.(%*$#05*$#'5#JK6#4%&2#/D5I&,#.M/D,6#/D5I&,#83%.(%*6#/D5I&,#$&44%2.#83%.(%**,'<#G,#081(/(.#
8.5(.# .%&.,1%($# 280&(.# '%2$I&+('# 8.5(.# 42($# ,*# /%34.,# ',$# .2%&A',$# /%)*(.(1$<# ^,# 4'&$6# *%&$# 59%*$#
3%*.28# &*# 081(/(.# 83%.(%**,'# 42%)2,$$(1# ,*# 1%*/.(%*# 0,# '5# )259(.8# 0,$# 8.5.$# 0,# $8982(.8# 0,# '5#
35'50(,6# /%33,*`5*.# 59,/# &*# 081(/(.# 0P$# ',# $.50,# FGH<# H5# 4%2.8,# 0,# /,$# 28$&'.5.$# 5&# *(9,5&#
/'(*(I&,# :$&2# '5I&,'',# *%&$# 2,9(,*02%*$# 05*$# '5# 42%/D5(*,# $,/.(%*B# *%&$# $,3A',# $()*(1(/5.(9,6#




78'.9-,'7/$# )3(0# '%3)0# .&0# /)# 1%&,/)4/# :(/# 7/# ,1;&4&2# ,/# +/43))'&00')4/# 1.32&3))/77/# 12'&2#
*'+2&/77/./)2# +1,(42&57/# 4</=# 7/0# *'2&/)20# >?# 3(# 232'7/./)2# 17&.&)1# *3(+# 7/0# *'2&/)20# @AB#
73+0:(/# 78'22/)2&3)# 12'&2# 3+&/)21/# ,&+/42/./)2# 0(+# 7/# +/-'+,$# 43)02&2(')2# 78&),&4/#
1.32&3))/77/./)2# 0'&77')2C# D3(0# '%3)0# ,/# *7(0# .3)2+1# ,/# .')&E+/# 0&.&7'&+/# F# 7812(,/# G$#
78&)02'77'2&3)#,8()#,1;&4&2#*+3-+/00&;#,8()#12'2#*<90&373-&:(/./)2#0'&)#F#7812'2#,/#,1./)4/#,/#29*/#
H#?7=</&./+#I$# 03(7&-)')2# /)43+/# ()/# ;3&0# 7'# *3+21/# 47&)&:(/# *32/)2&/77/# ,/# 4/# +10(72'2C# J')0#




.')&E+/# -735'7/# ()# *'22/+)# ,/# 0(+6'42&%'2&3)$# '73+0# :(8F# 78&)%/+0/$# 7'# 2P4</# )3)# ,&+&-1/# 0(+#
781.32&3)# 08'443.*'-)'&2# ,8()# *+3;&7# ,8<9*36'42&%'2&3)# ,/# 78'.9-,'7/C# D3(0# +/023)0# 23(2/;3&0#
*+(,/)20# :(')2# F# 78&)2/+*+12'2&3)# ,/# 4/0# +10(72'20# *(&0:(/# 7812(,/# /02# /)43+/# '42(/77/./)2# /)#
43(+0C#D3(0#1./223)0#1-'7/./)2#:(/7:(/0#+10/+%/0#:(')2#'(Q#+10(72'20#352/)(0#73+0#,/#7'#2P4</#
&.*7&4&2/C# R)# /;;/2$# /)# 7&/)# '%/4# ,/0# 43)2+'&)2/0# ,/# 2+'&2/./)20# +'*&,/0# ,/# 78&);3+.'2&3)#
1.32&3))/77/#KL(&77/(.&/+#/2#'7C$#!""GO$# 7/0#&.'-/0#12'&/)2#;7'0<1/0#2+E0#+'*&,/./)2C#A/#29*/#,/#
*'+',&-./#,/%&/)2# 2+E0#43)2+'&-)')2#,E0# 73+0#:(8&7#/02# 2/021#0(+#()/#*3*(7'2&3)# ;+'-&7/C#A3../#
)3(0#7/#03(7&-)3)0#,')0#7812(,/#!$#,/0#1:(&%'7/)4/0#,3&%/)2#S2+/0#*+3*301/0#*3(+#'(23+&0/+#,/0#
43.*'+'&03)0#,/#2+'&2/./)20#,/#78&);3+.'2&3)#/)2+/#,/0#*'2&/)20#/2#,/0#0(T/20#0'&)0C#J')0#7/#4'0#
,/# 7'#.1.3&+/$# 7/#.'21+&/7#F#/)43,/+#/02#03(%/)2#*+10/)21#'%/4#()# 2/.*0#',,&2&3))/7#*3(+# 7/0#
*'2&/)20# ';&)# ,8'00(+/+# 78/;;/2# ,/# 781.32&3)# 0(+# 7/0# */+;3+.')4/0#.)10&:(/0C# J')0# 7/# 4',+/# ,/#
*'+',&-./0# ./0(+')2# ,/0# 2+'&2/./)20# +'*&,/0$# ;'4&7&2/+# 7/# 2+'&2/./)2# ,/# 78&);3+.'2&3)# /)#
3+&/)2')2# ,&+/42/./)2# 78'22/)2&3)# 0(+# 78&),&4/# 1.32&3))/7# )3(0# 0/.57/# S2+/# ()/# 1:(&%'7/)4/#
*300&57/#';&)#,/#7'&00/+#*7(0#'&01./)2#*7'4/#F#()#2+'&2/./)2#1.32&3))/7#4</=#7/0#*'2&/)20C#?&)0&$#F#
78</(+/# '42(/77/$# 7'# 2P4</# /Q*7&4&2/# )3(0# 0/.57/# *7(0# *+3./22/(0/# :(/# )/# 7/# 0/+'&2# 7'# 2P4</#
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1. 3.   Existence de mécanismes de « réserves émotionnelles » dans la 
MA ? 
M+34$6>&34&*<6&$5&$324$)'.5&4$A!:$F:$N:$O$&'$PJ:$32.4$+7234$42.6,K3)$2.$*,4$&3$)7,5&3%&$5&4$
+4/&%'4$ 5&$ %2*/&34+',238$ 93$ &;;&':$ 5+34$ 6&4$ /12%&44.4$ 5&$ *)*2,1&$ )*2',233&66&:$ 2.$ /+1$
6>,3'&1*)5,+,1&$ 5>.3$ %23'1Q6&$ 4'+',4',-.&$ 5&4$ '12.<6&4$ %2K3,',;4$ 2.$ 5&$ 6>&;;&'$ 5&$ 6+$ 'R%(&$ 32.4$
*23'1234$-.>.3$5);,%,'$)*2',233&6$4&$%2*/&34&$5+34$6+$LH$72,1&$5,4/+1+S'$5+34$6&4$/(+4&4$/1)T
5)*&3',&66&4$ AUVEJ8$ H,34,:$ 32.4$ 32.4$ ,3'&112K&234$ 4.1$ 6>&=,4'&3%&$ 5&$ %&4$ ;21*&4$ 5&$
%2*/&34+',23:$ &'$ 4,$ &3$ /+1',%.6,&1$ &66&4$ 3&$ /2.11+,&3'$ /+4$ +//&6&1$ W$ 6+$ 32',23$ 5&$ X$1)4&17&$
)*2',233&66&$Y8$ V&''&$ 32',23$ 5&$ 1)4&17&$ &4'$ %2**.3)*&3'$ +442%,)&$ W$ 6+$ %2K3,',23:$ &66&$ 5)%1,'$
%&1'+,3&4$ ;21*&4$ 5&$ %2*/&34+',23A4J$ %)1)<1+6&A4J$ ,3'&17&3+3'$ ;+%&$ +.=$ 5);,%,'4$ %2K3,',;4$
4.17&3+3'$ +7&%$ 6>RK&$ AI'+;;$ &'$ +68:$ !""NJ8$ Z%,:$ 32.4$ /2.11,234$ 5);,3,1$ 6+$ 1)4&17&$ )*2',233&66&$
%2**&$ )'+3'$ 6+$ %+/+%,')$ 5&4$ /+',&3'4$ &3$ /(+4&$ /1)T5)*&3',&66&$ &'$ /1)%2%&$ W$ *+,3'&3,1$ .3&$
%&1'+,3&$ ;21*&$ 5&$ '1+,'&*&3'$ )*2',233&6$ *+6K1)$ 6&4$ +''&,3'&4$ %2K3,',7&4$ +,34,$ -.>+3+'2*2T
;23%',233&66&4$ 5&4$ 1)K,234$ ,*/6,-.)&4$ 5+34$ 6&$ '1+,'&*&3'$ 5&4$ )*2',2348$ G+1*,$ %&4$ 1)K,234:$
6>+*[K5+6&$ +.1+,'$ .3$ 1Q6&$ %&3'1+6$ 5+34$ 6&4$ *)%+3,4*&4$ W$ 6>21,K,3&$ 5&$ 6+$ 1)4&17&$ )*2',233&66&$
5+34$ 6&4$ /(+4&4$ /1)%2%&4:$ /.,4-.>&66&$ 4&1+,'$ 6&$ 4,\K&$ 5&$ %2*/&34+',234$ ;23%',233&66&4:$
%+1+%')1,4)&$ /+1$ 5&4$ 4.1T+%',7+',234$ A]124'&1$ &'$ +68:$ !"#!C$ ^1,K('$ &'$ +68:$ !""_J$ 2.$ 5+34$ 6&$






+68:$ !"#!<C$ I*,'(:$ #ccOJ8$ U2.'&;2,4:$ 6+$ /1)4&17+',23$ 5&$ %&$ '[/&$ 5&$ /12%&44.4$ 3&$ 3)%&44,'&$ /+4$
;21%)*&3'$ 5&4$ +*[K5+6&4$ ,3'+%'&4$ AH526/(4$ &'$ +68:$ !""OC$ H35&1423$ &'$ +68:$ !"""C$ V+65&1$ &'$ +68:$
#ccPC$ `&,34'&,3$ &'$ +68:$ !"#FJ8$ M&$ *+3,\1&$ %&3'1+6&:$ 6>)'.5&$ 5&$ a24&3<+.*$ &'$ %266+<21+'&.14$
A!"#"J:$ 1)+6,4)&$ +./1\4$ 5&$ /+',&3'4$ +.$ 4'+5&$ 6)K&1:$ +$ *,4$ &3$ )7,5&3%&$ .3&$ ;21*&$ 5&$ 1)4&17&$
)*2',233&66&$/+1$6&$5)/62,&*&3'$5>.3&$%233&%',7,')$;23%',233&66&$1&3;21%)&$&3'1&$6>+*[K5+6&$&'$
6&$ %21'&=$/1);123'+6$ 6214$5>.3&$ 'R%(&$5&$*)*2,1&$/2.1$ 6+-.&66&$5&4$*)%+3,4*&4$ ,*/6,%,'&4$23'$
)')$ 4.KK)1)4$ AE+]+1$ &'$ V+<&?+:$ !""PC$ a24&3<+.*$ &'$ +68:$ !"#"J8$ H,34,:$ 5+34$ %&1'+,34$ %+4:$ '&64$
-.>21,&3'&1$ &=/6,%,'&*&3'$ 6>+''&3',23$ 4.1$ 6>)*2',23$ 2.$ *&''1&$ &3$ /6+%&$ 5&4$ /12%&44.4$ 5&$ '[/&$
!"!#
#
$%&'$($)*# &+,--.$)# /.($'$)*-# '0.((12# 3# '.# -42*-5*# 4%+)$+66*''*# (7*8# '*2# &.)$*6)2# 9:;# <*($#
20*=&-$%*-.$)# &.-# ,6*# (+%&*62.)$+6# /+6()$+66*''*# .,# 2*$6# >*# '0.%?@>.'*# .$62$# A,*# '*#
-*(-,)*%*6)# >0.,)-*2# -4@$+62# $%&'$A,4*2# >.62# '*# )-.$)*%*6)# >*2# 4%+)$+62# )*''*2# A,*# '*# (+-)*=#
($6@,'.$-*B# '*# (+-)*=# /-+6).'# +,# *6(+-*# '0$62,'.# CD$@,-*# EFG# CH+2*6I.,%# *)# .';B# !"F"G;# J+,2#
&-+&+2+62#.$62$#A,*# '.#%$2*#*6#&'.(*#>*#(+%&*62.)$+62#(4-4I-.'*2#&,$2.6)#>.62# '*2# /+-%*2#>*#













%&$ '&($ )*$ +$ ,)-&()$ .&$ ./0123$ 04532*2'6$ 1)-$ 078702*/-$ /,4*2433)11)-$ .)-$ 87*2)3*-$ 9%$ ./0123)(72)3*$ )*$ 17$ (/-)(:)$
/,4*2433)11)$ -;/8&2-)(72*<$=73-$ 1)-$ 8>7-)-$?@A6$ 1)-$,/0732-,)-$ +$ 1;4(2523)$.)$ 17$ (/-)(:)$ /,4*2433)11)6$ 07(70*/(2-/)$
34*7,,)3*$87($&3)$-&(B70*2:7*243$7,C5.712)33)6$-)(72*$-&''2-73*)$84&($87112)($7&D$./'202*-<$%:)0$17$8(45()--243$.)$17$
,717.2)6$ 17$(/-)(:)$/,4*2433)11)$-)$07(70*/(2-)(72*$87($&3$()0(&*),)3*$81&-$ 2,84(*73*$.)$ 1;7,C5.71)$)*$.)-$(/5243-$
2,812E&/)-$.73-$1)$*(72*),)3*$.)-$/,4*243-<$?4&*)'42-$0)-$,/0732-,)-$.)$(/-)(:)6$7F4&*/-$7&D$./'202*-$5(73.2--73*-$
-&($ 1)$8173$ 04532*2'6$ 3)$ -)(72)3*$81&-$ -&''2-73*-$84&($87112)($ )3*2G(),)3*$7&$./'202*$ /,4*2433)1$ 14(-E&)$ 1)$.27534-*20$
8(4H7H1)$.)$17$9%$-)(72*$84-/<$A)-$'25&()-$.&$H7-$()8(/-)3*)3*$.)-$04&8)-$7D271)-$4I$.)-$23*)(70*243-$'430*2433)11)-$
)3*()$ 1)-$ -*(&0*&()-$ 2,812E&/)-$ .73-$ 1)$ *(72*),)3*$ .)-$ /,4*243-$ -43*$ ()8(/-)3*/)-<$ @)-$ 23*)(70*243-$ -43*$ *2(/)-$ .)$
1;/*&.)$.)$J4-)3H7&,$)*$71<6$!"K"<$A;/872--)&($.)-$'1G0>)-$()8(/-)3*)$17$'4(0)$.)$0433)0*2:2*/$'430*2433)11)$)3*()$1)-$
.2''/()3*)-$-*(&0*&()-$0/(/H(71)-<$A)-$1253)-$8423*211/)-$23.2E&)3*$&3)$0433)0*2:2*/$'72H1)<$A)-$'1G0>)-$(4&5)-$23.2E&)3*$
.)-$ 0433)0*243-$ '430*2433)11)-$ )3*()-$ -*(&0*&()-$ /:41&73*$ .73-$ 1)$ ,L,)$ -)3-<$ A)-$ '1G0>)-$ H1)&)-$ 23.2E&)3*$ .)-$
0433)0*243-$ '430*2433)11)-$ )3*()-$ -*(&0*&()-$ /:41&73*$ .73-$ 1)$ -)3-$ 4884-/<$ MN@$O$ 04(*)D$ 8(/'(43*716$ @@%$O$ 04(*)D$
0235&172()$73*/(2)&(6$PQM$O$>288407,8)6$%9R$O$7,C5.71)6$QST$O$23-&17<$
2.  Apports de ce travail de thèse 
2. 1.   Apports cliniques 
M4&:42($ .27534-*2E&)($ .)$ '7U43$ 17$ 81&-$ 8(/040)$ 17$9%$ )-*$ )--)3*2)1$ 84&($ .)&D$ (72-43-<$ A7$
8(),2G()$)-*$.)$ '4&(32($.)-$(/843-)-$8(/02-)-$7&D$87*2)3*-$ V)*$72.73*-W$/*73*$-4&02)&D$.)$ 1)&($










<()$ )9)4>3(4+DA16$ G,$ 1EE14.$ 51A2$ E5A:4A(4+;,$ (A$ :;A2)$ -1$ 5($ HI$ :(2(:4>2+)>1$ );A)$ E;231$
-F$J$><+);-1)$K.$ (+,)+$ DA1$ 51A2$ (<<(2+4+;,$ ,;,$ )9)4>3(4+DA1$ <;A22(+4$ 21,-21$ 1,$ 1EE14$ -+EE+:+51$
5F+,412<2>4(4+;,$DAF+5$1)4$<;))+L51$-F1,$E(+216$$
$









<(4+1,4)$ HI$ 14$ QRS.$ )AOOP21$ DA1$ :14$ +,-+:(41A2$ >3;4+;,,15$ )12(+4$ 4;A4$ (A))+$ <124+,1,4$ DA1$ 51$
HH0G$(E+,$-1$:(2(:4>2+)12$5($<2>)1,:1$-1$:1441$<(4=;5;O+16$S($:=A41$-1)$):;21)$(AT$HH0G$,F>4(,4$
<()$ )<>:+E+DA1$ U$ 5($ HI.$ +5$ <;A22(+4$ )F(M>212$ <124+,1,4$ -F(X;A412$ >O(5131,4$ -1)$ 41)4)$ -1$
21:;,,(+))(,:1$>3;4+;,,1551$-(,)$51)$:2+4P21)$-1$-+(O,;)4+:)$-1$5($HI.$M;+21$-F(X;A412$A,1$);A)W
:(4>O;2+1$>3;4+;,,1551$(A$HH0G6$I:4A155131,4.$A,1$L(4412+1$-1$41)4)$31)A2(,4$51)$:(<(:+4>)$-1$
21:;,,(+))(,:1$ >3;4+;,,1551$ 1T+)41$ ?Y5;2+-($ IEE1:4+M1$ Z(44129$ Q1)4&$ Z;[12)$ 14$ (56.$ 7%%/8.$ 1551$
>M(5A1$ 51)$ :(<(:+4>)$ -1$ ->:;-(O1$ >3;4+;,,15$ )A2$ 5($ L()1$ -1$ M+)(O1)$ 3(+)$ >O(5131,4$ -1$ 5($
<2;);-+16$ S($ <5A<(24$ -1)$ >4A-1)$ 1,$ 21:=12:=1$ :5+,+DA1$ +,:5A)1)$ -(,)$ 5($3>4(W(,(59)1$ 21<;)1,4$
)A2$:1441$L(4412+1$-1$ 41)4).$ 4;A41E;+).$);,$A4+5+)(4+;,$1,$:;,)A54(4+;,$ 5;2)$-1)$1T(31,)$:5+,+DA1)$
)13L51$5;+,$-F\421$2><(,-A16$]A421$:1441$L(4412+1$-1$41)4).$51)$<2;4;:;51)$DA1$,;A)$(M;,)$3+)$1,$
<5(:1$(A$,+M1(A$:;3<;24131,4(5$;,4$>4>$(+)>31,4$2>(5+)>)$<(2$51)$<(4+1,4)$(A$)1+,$-1)$)42A:4A21)$
51)$ (::A1+55(,46$ SF(L)1,:1$ -1$ ,;23(5+)(4+;,$ -1)$ :(<(:+4>)$ -1$ 21:;,,(+))(,:1$ >3;4+;,,1551$ -1)$
<(4+1,4)$ (<2P)$ 5F;2+1,4(4+;,$ )A2$ 51$ 21O(2-$ <;A22(+4$ (+,)+$ 21,E;2:12$ 51$ -+(O,;)4+:$ -1$ 5($ <2>)1,:1$
-FA,1$ HI6$ ^5$ ($ >4>$ >O(5131,4$ )AOO>2>$ DA1$ 51)$ <(2(-+O31)$ -F(:4+M(4+;,)$ ^'HE$ (A2(+4$ A,$ 2_51$
<;41,4+15$:;331$;A4+5$-+(O,;)4+:$<2>:;:1$-1$5($HI$?0<125+,O.$!"7786$G,$<(24+:A5+12.$-1)$<(4412,)$
-F=9<12W(:4+M(4+;,)$ ;L)12M>)$ :=1`$ -1)$ <(4+1,4)$ QRS$ -(,)$ 5F=+<<;:(3<1$ )12(+4$ <2>-+:4+E$ -FA,$
->:5+,$:;O,+4+E$2(<+-1$14$5F>M;5A4+;,$M12)$A,1$HI$?a+:*12);,$14$(56.$!""#&$H+5512$14$(56.$!""/86$IAT$
MA1)$ -1$ ,;)$ 2>)A54(4)$ :;,:5A(,4)$ )A2$ 5F(441+,41$ (,(4;3+DA1$ (39O-(5+1,,1$ 1,$ 5+1,$ (M1:$ -1)$




%&'$ '())&'*+,-'$.(&$-,('$/00,1*,-'$.(/-*$2$ 34/5,(*$64,(*+3'$ 73+-+.(&'$687&3/-*$ 3&'$ *1,(93&'$
8:,*+,--&3'$0,(11/+&-*$/;,+1$(-$+:0/7*$+:0,1*/-*$'(1$3/$;+&$',7+/3&$6&'$0/*+&-*'<$=-$&>>&*?$+3$/$8*8$
:,-*18$ .(4+-*&1018*&1$ 7,11&7*&:&-*$ 3&'$ 8:,*+,-'$64/(*1(+$ 7,-*1+9(&$ 2$:/+-*&-+1$ 6&'$ 1&3/*+,-'$
+-*&10&1',--&33&'$ &*$ (-$ 8*/*$ 0'@7A,3,)+.(&$ '*/93&$ BC/1*,-$ &*$ /3<?$ DEEEF<$G/-'$ 3&$ 7,-*&H*&$ 6&$ 3/$
IJ?$3&'$7/0/7+*8'$6&$1&7,--/+''/-7&$8:,*+,--&33&$+-6+.(&-*$(-$-+;&/($6&$9+&-KL*1&$/+-'+$.(4&33&'$
1&-'&+)-&-*$ 64(-&$ 7&1*/+-&$ .(/3+*8$ 6&$ ;+&$ 6&'$ 0/*+&-*'$ BMA+33+0'$ &*$ /3<?$ !""EF<$ G&$ >/+93&'$
0&1>,1:/-7&'$ 6&$ 1&7,--/+''/-7&$ 8:,*+,--&33&$ 7A&N$ 3&'$ 0/*+&-*'$IJ$ +-6+.(&-*$ -,*/::&-*$ (-$
1&*1/+*$/($-+;&/($6&$3/$7,::(-+7/*+,-$',7+/3&$/+-'+$.(&$34/00/1+*+,-$6&$7,:0,1*&:&-*'$',7+/(H$
+-/6/0*8'$BO/1)1/;&$&*$/3<?$!""!P$QA+:,R/S/$&*$/3<?$!""DF<$%4&-'&:93&$6&$7&'$6,--8&'$',(3+)-&-*$
6,-7$ .(4+3$ &'*$ '&1/+*$ 0&1*+-&-*$ 6&$ :&**1&$ &-$ 03/7&$ (-&$ 8;/3(/*+,-$ 0187,7&$ 6&'$ *1,(93&'$ 6&$
1&7,--/+''/-7&$ 8:,*+,--&33&$ 0,(;/-*$ /+-'+$ />>+-&1$ 3&$ 6+/)-,'*+7$ &*$ 8)/3&:&-*$ 8;+*&1$ 6&'$
0A8-,:T-&'$64&H73('+,-$',7+/3&<$
2. 2.   Apports théoriques 
U3$/$8*8$01,0,'8$6/-'$03('+&(1'$*1/;/(H$/(01T'$6&$0,0(3/*+,-'$0/*A,3,)+.(&'$B!"#"?$V(:>,1$&*$
/3<?$ !"DWF$ &*$ X)8&'$ '/+-&'$ B!"#"?$ Y(>>:/-$ &*$ /3<?$ !""ZF$ .(&$ 34/**&+-*&$ /-/*,:+.(&$ 6&$ 18)+,-'$
781891/3&'$ '087+>+.(&'$ B!"#"$$ 34/:@)6/3&?$ 34+-'(3/F$ '&1/+*$ 2$ 34,1+)+-&$ 6&'$ 68>+7+*'$ 6&$ 3/$
1&7,--/+''/-7&$ 648:,*+,-'$ 0/1*+7(3+T1&'$ B!"#"$$ 3/$ 0&(1?$ 3&$ 68),[*F?$ 68>&-6/-*$ /+-'+$ 34/001,7A&$
*A8,1+.(&$6+'71T*&$6&'$8:,*+,-'<$G/-'$7&$*1/;/+3?$6&$0/1$-,*1&$,95&7*+>$6&$:&**1&$&-$8;+6&-7&$6&'$
*1,(93&'$6&$ *@0&$/:@)6/3,K680&-6/-*$6/-'$ 3/$IJ?$9&/(7,(0$6&$-,'$ *1/;/(H$,-*$8*8$ 7+938'$ '(1$
348:,*+,-$ 6&$ 0&(1?$ '())81/-*$ .(&$ -,('$ /;,-'$ 0($ ',(*&-+1$ 3/$ :L:&$ *&-6/-7&$ *A8,1+.(&<$
C&0&-6/-*?$ 3&'$ 18'(3*/*'$ +''('$6&$-,'$ *1/;/(H$ '&$ ',-*$ /;818'$ +-7,:0/*+93&'$ /;&7$(-&$/001,7A&$
&H73('+;&:&-*$6+'71T*&$6&'$8:,*+,-'<$=-$&>>&*?$ 3/$:8*/K/-/3@'&$/00,1*&$6&'$838:&-*'$&-$>/;&(1$
64(-&$/**&+-*&$6&$34&-'&:93&$6&'$8:,*+,-'?$:L:&$'+?$7,::&$-,('$34/;,-'$/1)(:&-*8$03('$A/(*?$3/$
1&7,--/+''/-7&$ 6&$ 3/$ 0&(1$ '&1/+*$ 03('$ '8;T1&:&-*$ *,(7A8&<$ U3$ &'*$ 6+>>+7+3&:&-*$ 7,-7&;/93&$




3&$ 1&)/16<$ %4/9'&-7&$ 64(-$ :L:&$ &>>&*$ 0,(1$ 348:,*+,-$ 6&$ 7,3T1&$ &'*$ 2$ /'',7+&1$ /($ >/+*$ .(&$ 3/$
1&7,--/+''/-7&$ 6&$ 7&**&$ 8:,*+,-$ 7A&N$ 3&'$ 0/*+&-*'$ -48*/+*$ 018/3/93&:&-*$ 0/'$ 68>+7+*/+1&$
7,:0/18&$/(H$'(5&*'$X)8'<$],('$-&$0&-',-'$6,-7$0/'$.(&$34/'0&7*$>/7+3+*/*&(1$1&-7,-*18$6/-'$-,'$
8*(6&'$7,:0,1*&:&-*/3&'$'&1/+*$/**1+9(/93&$2$34&H+'*&-7&$64(-&$'83&7*+;+*8$0/1*+7(3+T1&$2$3/$0&(1?$
7,::&$ 3&$ 0186+1/+*$ 3&$ :,6T3&$ 6+'71&*$ 6&'$ 8:,*+,-'<$ ],'$ 18'(3*/*'$ &>>&7*(8'$ /(01T'$ 64(-&$
0,0(3/*+,-$018'&-*/-*$(-&$/**&+-*&$0/1*+&33&$B!"^F$6&$34/:@)6/3&$7,-6(+1/+*$/+-'+$2$1&;,+1$3&$1_3&$
6&$ 34/:@)6/3&$6/-'$ 3&$ *1/+*&:&-*$6&'$;+'/)&'$&*$6&$ 34&H01&''+,-$6&$0&(1<$=-$&>>&*?$-,'$18'(3*/*'$




9,44,$,7'3,00%2/;$<*=-,(>$-,$ 02/$ 3?(,$-./0$ (.$ 3,92//.%00./9,$-,$ (1+&24%2/$-,$',*38$ (1.&6@-.(,$
.*3.%4$.%/0%$*/$3?(,$-./0$(,$43.%4,&,/4$-,$04%&*(*0$0.%((./4$2*$',34%/,/4$'2*3$(1%/-%5%-*8$-2/4$(.$
',*3$,/$,04$*/%)*,&,/4$*/$,7,&'(,;$A/$@*%-./4$(1.44,/4%2/$5,30$(,0$04%&*(%$'3+0,/4./4$*/,$B234,$
0.%((./9,$ +&24%2//,((,8$ (1.&6@-.(,$ &2-*(,3.%4$ -,0$ 52%,0$ -,$ 43.%4,&,/4$ >$ (1+9C,((,$ ',39,'4%5,;$
D./0$,&'(26,3$-,0$3.992*39%0$.0029%.4%B0$,/43,$(.$',*3$,4$(1.&6@-.(,8$/20$-2//+,0$.''*%,/4$-2/9$
'3+B+3,/4%,((,&,/4$)*,$(1.&6@-.(,$0,3.%4$>$(123%@%/,$-,$(1,743.94%2/$-,$(.$0.%((./9,$+&24%2//,((,8$
,/$ .9923-$ .5,9$ (1.''329C,$ 92/043*94%5%04,$ EF%/-)*%04$ ,4$ .(;8$ !"GGH$ 42*4$ 92&&,$ (.$ 4C+23%,$ -,0$
+5.(*.4%2/0$92@/%4%5,0$ED./-,3$,4$.(;8$!""IH;$$
D,(2/$ J*&B23-$ ,4$ K%@*,4$ E!"GIH$ ,4$ ,/$ .9923-$ .5,9$ /243,$ '32'20%4%2/8$ (.$ 3,92//.%00./9,$
+&24%2//,((,$',*4$L43,$(.3@,&,/4$92&'32&%0,$>$9.*0,$-,0$(+0%2/0$9+3+M3.(,0$'3+0,/4,0$-./0$(,0$
043*94*3,0$ +4./4$ >$ (.$ M.0,$ -*$ 43.%4,&,/4$ -,0$ +&24%2/0$ E!"#"$$ .&6@-.(,H$&.%0$ +@.(,&,/4$ 9,((,0$
02*0=4,/-./4$ (,0$ 92&'+4,/9,0$ 92@/%4%5,0$ /+9,00.%3,0$ >$ (.$ 3+*00%4,$ -,0$ '329,00*0$ -,$
3,92//.%00./9,$ +&24%2//,((,$ E!"#"$$ .0',940$ ',39,'4*,(08$ (./@.@%,308$ .44,/4%2//,(0H;$ N./0$ (,*3$






)*%$ 01.''.3,/4,3.%4$ >$ (.$ 0.%((./9,$ +&24%2//,((,;$ A/$ ,BB,48$ 9,$ )*%$ '200O-,$ */,$ B234,$ 0.%((./9,$
+&24%2//,((,$,04$@+/+3.(,&,/4$'(*0$.94%5.4,*3$,4$43.%4+$'3+B+3,/4%,((,&,/4$.*$/%5,.*$',39,'4*,($
E&2-*(,$R$',39,'4*.($0T%((0$SH$2*$.44,/4%2//,($E&2-*(,$R$92@/%4%2/$./-$M,C.5%23$SH;$<*7$5*,0$-,$
/20$ 3+0*(4.408$ 9,$ &2-O(,$ '2*33.%4$ L43,$ 92&'(+4+$ '.3$ (,$ B.%4$ )*1.*$ 43.5,30$ -,$ (.$ 0.%((./9,$ 2*$
(1.94%5.4%2/$+&24%2//,((,$-,0$04%&*(%$>$43.%4,38$(,0$.44,%/4,0$.&6@-.(%,//,0$'3+0,/4,0$-./0$(.$U<$
.*3.%,/4$-,0$92/0+)*,/9,0$0*3$ (,0$ 43.%4,&,/40$,BB,94*+0$.*$0,%/$-,$9C.9*/$-,$9,0$&2-*(,0;$A/$
'.34%9*(%,38$ (,0$ %/B(*,/9,0$ .&6@-.(%,//,0$ >$ (1+9C,((,$ ',39,'4%5,$ ,4$ 92@/%4%5,$ 0,3.%,/4$
-+4,3&%/./4,0$-./0$ (1.99,00%M%(%4+$ .*$ (.M,($ ,4$ (.$ 3,92//.%00./9,$+&24%2//,((,$ 9C,V$ (,0$'.4%,/40$












C=)-;;-&*9$ D:=1(:$ EB$ F+.@-:*9$ ,0&5$ 5(&$ 0:*+).-$ G$%&'#()*)+, -.(!*/, .0, 1!2+.*.#34)*, )5(,
1!2+./6'473)8+4, 93/.+(!+/$H$ 0+&5+$ 78-$ I3+:0$ J&0'($ ,0&5$ 50$ :-18-$ G$%&'#()*)+, 35, %*:7!3&!+;/,
93/!)/!$H$(&*$5866=:=$78-$.0$KL$2(8::0+*$)(&5*+*8-:$8&$;(,M.-$2-:*+&-&*$,/=*8,-5$,-5$0**-+&*-5$





2.85$ +;2(:*0&*$ ;R;-9$ 5(&$ +&'.8-&)-$ ,0&5$ .-5$ ;=)0&+5;-5$ ?$ ./(:+6+&-$ ,-$ ./-A*:0)*+(&$ ,-$ .0$
!"#$
$
%&'((&)*+$ ,-./'.))+((+$ 012)$ %/'-2(2%3$ 4')%'5$ '($ %1+%/$ &6,7,$ 82+$ (&$ 9.92(&/'.)$:4$97,%+)/&'/$ 0+%$
0,;'*'/%$0&)%$ (+%$ ;.7-+%$0+$*.)0'/'.))+-+)/$<$ (&$9+275$2)+$ ;.7-+$0+$-,-.'7+$).)=0,*(&7&/'6+$
>?&-&))$ +/$ &(35$ !""!&@$ ?.+;+7$ +/$ &(35$ !""#A5$ /.2/$ *.--+$ '($ &$ ,/,$ -.)/7,$ 82+$ *+$ 97.*+%%2%$
0,9+)0&'/$ (&7B+-+)/$ 0+$ (1&-CB0&(+$ >D+E.2F$ +/$ G*H'((+75$ !""IA3$ E+$ ;&J.)$ /7K%$ ')/,7+%%&)/+5$ (+%$
9&/'+)/%$:4$)+$ 97,%+)/&'+)/$ 9&%$ 0+$ 0';;,7+)*+%$ 01&*/'6'/,$ ,(+*/7.0+7-&(+$ *.-9&7,%$ &2F$ %2L+/%$
%&')%$ (.7%82+$ (+$ M72'/$ &6+7%';$ 7+/+)/'%%&'/$ >%/'-2(2%$ ')*.)0'/'.)),$N$ GOA5$ *+9+)0&)/5$ &2*2)+$
7,9.)%+$ *.)0'/'.)),+$)1&$ 92$ P/7+$ &*82'%+$ >-P-+%$ 7,9.)%+%$ ,(+*/7.0+7-&(+%$ +)/7+$ (+$ %/'-2(2%$
*.)0'/'.)),$ %2'6'$ 02$ GO$ +/$ (+$ %/'-2(2%$ *.)0'/'.)),$ ).)$ %2'6'$ 02$ GOA$ >?.+;+7$ +/$ &(35$ !""#A3$ Q+$
7,%2(/&/$ +%/$ /.2/$ <$ ;&'/$ *.)*.70&)/$ &6+*$ (+%$ 7,%2(/&/%$ 0+$ R+*H&7&$ +/$ *.((KB2+%$ >SIITA$ .M%+76,%$
*H+U$ 2)$ 9&/'+)/$ 97,%+)/&)/$ 0+%$ &//+')/+%$ M'(&/,7&(+%$ *'M(,+%$ &2F$ &-CB0&(+%$ >9&/'+)/$ V7M&*H=
W'+/H+A3$ O($ &$ ,/,$ ,B&(+-+)/$ -.)/7,$ 82+$ (+$ 7+%%+)/'$ ,-./'.))+($ +%/$ ')/&*/$ 0&)%$ (&$ :45$ .7$ <$
(1')6+7%+$ (&$ 7+*.))&'%%&)*+$ +((+5$ +%/$ &//+')/+3$ Q+*'$ +%/$ +)$ 9&7;&'/$ &**.70$ &6+*$ (+%$ ,/20+%$
)+27.9%C*H.(.B'82+%$ 9.7/,+%$ %27$ (+%$ 9&/'+)/%$ 97,%+)/&)/$ 0+%$ (,%'.)%$ &-CB0&('+))+%$-&%%'6+%$
>40.(9H%$+/$&(35$!""T@$4)0+7%.)$+/$&(35$!"""@$Q&(0+7$+/$&(35$SIIX@$Y+')%/+')$+/$&(35$!"SZA3$[);')5$).%$
,/20+%$ ')%9'7,+%$ 0+%$ /7&6&2F$ 014(0.(9H%$ +/$ %.)$ ,82'9+$ >!""TA5$ .)/$ -.)/7,$ 0+%$ 9&//+7)%$
%'-'(&'7+%$&2F$7,%2(/&/%$.M/+)2%$*H+U$(+$9&/'+)/$G:3$D1+)%+-M(+$0+$*+%$*.)%/&/%$).2%$&-K)+$0.)*$
<$%.2/+)'7$(1'0,+$82+$(&$:4$9.277&'/$*.)%/'/2+7$2)$-.0K(+$01&//+')/+$&-CB0&('+))+3$$
3.  Limites & perspectives 
D1+F'%/+)*+$01&//+')/+%$&)&/.-'82+%$&-CB0&('+))+%5$82'$%+7&'+)/$+((+%=-P-+%$<$(1.7'B')+$0+%$
/7.2M(+%$ ,-./'.))+(%$ 7+)*.)/7,%$ 0&)%$ (&$:4$ &$ *.)%/'/2,$ (+$ %.*(+$ 0+$ )./7+$ /7&6&'(3$ Q+9+)0&)/5$
01&2/7+%$ (,%'.)%$82+$ *+((+%$0+%$ &-CB0&(+%5$ *.--+$9&7$+F+-9(+$ *+((+$02$ (.M+$ /+-9.7&($ &)/,7.=
-,0'&($>4)0+7%.)$+/$&(35$!"""A5$02$ (.M+$;7.)/&($>!"#"$$*.7/+F$.7M'/.;7.)/&(A$>?.7)&\$+/$&(35$SIIXA$
.2$ +)*.7+$ 02$ *.7/+F$ *')B2(&'7+$ &)/,7'+27$ >?.7)&\$ +/$ &(35$ !""ZA$ 9.277&'+)/$ ,B&(+-+)/$ P/7+$ <$
(1.7'B')+$ 0+%$ 0,;'*'/%$ 7+)*.)/7,%$ 0&)%$ (+$ /7&'/+-+)/$ 0+%$ ,-./'.)%3$ 4')%'5$ *.--+$ ).2%$ (1&6.)%$
%.2('B),$ <$ 9(2%'+27%$ 7+97'%+%5$ %2BB,7+7$ 82+$ (1&99&7'/'.)$ 0+$ /7.2M(+%$ ,-./'.))+(%$ 0&)%$ (&$ :4$
97.6'+)07&'/$ +%%+)/'+((+-+)/$ 0+%$ 9+7/+%$ 6.(2-'82+%$ 0+$ (&$ %/72*/27+$ &-CB0&('+))+$ %1&6K7+$
0'%*2/&M(+3$[)%2'/+5$9.26.'7$97,/+)07+$<$(1+F'%/+)*+$012)$9./+)/'+($-&782+27$%9,*';'82+$%2BBK7+$
82+$ (+%$ &//+')/+%$ &-CB0&('+))+%$ +/$ (+%$ /7.2M(+%$ ,-./'.))+(%$ %1+F97'-+)/$ 0';;,7+--+)/$ 0&)%$




]./7+$ HC9./HK%+5$ *'M(,+$ %27$ (+%$ /7.2M(+%$ ,-./'.))+(%$ +)$ ('+)$ &6+*$ (1&//+')/+$ &-CB0&('+))+5$





)*+,$ ?3--3$ )3$ -./012)/-3($ :37/5,$ ,*;,$ /;::5($ @*573$ 6-;:($ 6374*70/+,3$ =;3$ -.<,;)3$ )3:$ A5*B
0/7=;3;7:$)/+:$-.<,/A-5::303+,$);$)5/2+*:,5?$67<?*?3$CD3:5E/+$3,$/-8($!""#F8$G+3$<,;)3$3+$?*;7:$




4/N*+$ =;3$ )/+:$ -.<,;)3$ M($ +*;:$ 0*+,7*+:$ =;3$ -./,7*6>53$ /012)/-53++3$ 67<)5,$ -3:$ :?*73:$ )3$
0<0*573($ :*;-52+/+,$ 3+?*73$ ;+3$ 4*5:$ -/$ 637,5+3+?3$ )3$ ?3,$ 5+)5?/,3;7$ /;$ +5@3/;$ ?-5+5=;38$ K45+$
)./O*;,37$ )3:$ /72;03+,:$ 3+$ 4/@3;7$ ).;+3$ /,7*6>53$ 67<?*?3$ )3$ -./012)/-3$ ?*003$ 5+)5?/,3;7$
637,5+3+,$)3$ -/$67<:3+?3$).;+3$'K($+*;:$/@*+:$3+2/2<$;+3$<,;)3$ -*+25,;)5+/-3$:;7$P$/+:$/@3?$
-.;+5@37:5,<$).Q,,/R/$C9/+/)/F$/45+$)3$73?>37?>37$?*003+,$<@*-;3$-./,,35+,3$/012)/-53++3$3+,73$
)3:$ 6>/:3:$ &9%$ 3,$ 'K$ )<A;,/+,38$ S+$ 6/7,5?;-537($ +*;:$ /@*+:$ 6*;7$ *AO3?,54$ )3$ )<,3705+37$ :5$




+*:$ 73?>37?>3:$ :*+,$ ?5A-<3:$3::3+,53--303+,$ :;7$ -/$ :,7;?,;73$/012)/-53++3($)<-/5::/+,$=;3-=;3$
63;$-3:$/;,73:$:,7;?,;73:$506-5=;<3:$)/+:$-3$,7/5,303+,$)3:$<0*,5*+:8$&*;,34*5:($+*;:$+.3I?-;*+:$
/A:*-;03+,$6/:$=;3$-./,,35+,3$/012)/-53++3$5+,37@53++3$)/+:$;+$?*+,3I,3$)./,,35+,3:$6-;:$@/:,3$
?/7/?,<75:<$+*,/003+,$6/7$)3:$ ?>/+2303+,:$+3;7*B/+/,*05=;3:$)/+:$ -3:$ -*A3:$ 47*+,/;I$/5+:5$
=;3$6-;:$-/72303+,$)/+:$-3$:1:,J03$-50A5=;3($3,$=;3$?3?5$6*;77/5,$/@*57$)3:$?*+:<=;3+?3:$:;7$-3$
,7/5,303+,$ )3:$ <0*,5*+:$ )/+:$ -/$ 'K8$ S+$ 6/7,5?;-537($ 5-$ /$ <,<$ 0*+,7<$ =;3$ -./+5:*,7*653$
47/?,5*++3--3$ );$ 4/5:?3/;$ ;+?54*703$ <,/5,$ ?*77<-<3$ /;I$ ,7*;A-3:$ )3$ -/$ 73?*++/5::/+?3$ )3:$
<0*,5*+:$)3$63;7$?>3T$)3:$6/,53+,:$&9%$CX;O53$3,$/-8($!""YF8$%3$4/5:?3/;$;+?54*703$73-53$-3$217;:$
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Supplementary Table 1
Characteristics of studies included in the meta-analysis
Authors Sample Taska Stimuli Modality Emotionsb Control of Control of Individual






Discrimination Face Visual H N Sa A No 0.84* 0.75*
Discrimination Face Visual H N Sa A Yes 0.7 0.36
Naming Face Visual H S N Sa D A F No 1.45*
Naming Face Visual H S N Sa D A F Yes 1.22*
Selection Face Visual H N Sa A No 1.27* 1.42*













Naming Face Visual D A H F 1.04*
Naming Face Visual D 0.92
Naming Face Visual A 0.72*
Naming Face Visual H 0.61





Discrimination Face Visual H Sa A F N 0.41
Discrimination Face Visual H Sa A F N Yes 0.39 – 0.12
Discrimination Prosody Auditory H Sa A F N 1.09*
Discrimination Prosody Auditory H Sa A F N Yes 0.96* – 0.27
Matching Face Visual H Sa A F N 0.6
Matching Face Visual H 0.6
Matching Face Visual Sa 0
Matching Face Visual A 0.6
Matching Face Visual F 0
Matching Face Visual N 0.31
Matching Face Visual H Sa A F N Yes 0.56
Matching Face Visual H Yes 0.61
Matching Face Visual Sa Yes –0.06
Matching Face Visual A Yes 0.71†
Matching Face Visual F Yes –0.08
Matching Face Visual N Yes 0.27
Matching Face Visual H Sa A F N Yes –0.28
Matching Prosody Audio-
visual






























H Sa A F N Yes –0.1
Naming Face Visual H Sa A F N 0.38
Naming Face Visual H 0.59
Naming Face Visual Sa 0.55
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Supplementary Table 1
(Continued)
Authors Sample Taska Stimuli Modality Emotionsb Control of Control of Individual
cognitive depression effect sizec
status symptoms
Naming Face Visual A –0.43
Naming Face Visual F 0.2
Naming Face Visual N 0.08
Naming Face Visual H Sa A F N Yes 0.34
Naming Face Visual H Yes 0.58
Naming Face Visual Sa Yes 0.48
Naming Face Visual A Yes –0.56
Naming Face Visual F Yes 0.26
Naming Face Visual N Yes 0.13
Naming Face Visual H Sa A F N Yes –0.68
Naming Prosody Auditory H Sa A F N 1.36*
Naming Prosody Auditory H 0.67
Naming Prosody Auditory Sa 0
Naming Prosody Auditory A 0.12
Naming Prosody Auditory F 0.59
Naming Prosody Auditory N 0.43
Naming Prosody Auditory H Sa A F N Yes 1.4*
Naming Prosody Auditory H Yes 0.61
Naming Prosody Auditory Sa Yes –0.03
Naming Prosody Auditory A Yes 0.16
Naming Prosody Auditory F Yes 0.73†
Naming Prosody Auditory N Yes 0.44
Naming Prosody Auditory H Sa A F N Yes 0.28
Selection Face Visual H Sa A F N 1.1*
Selection Face Visual H 0.43
Selection Face Visual Sa 0
Selection Face Visual A 0.9*
Selection Face Visual F 0.53
Selection Face Visual N –0.23
Selection Face Visual H Sa A F N Yes 1.03*
Selection Face Visual H Yes 0.33
Selection Face Visual Sa Yes 0.05
Selection Face Visual A Yes 0.84*
Selection Face Visual F Yes 0.53
Selection Face Visual N Yes –0.26

























Face Visual H 0.95*
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Authors Sample Taska Stimuli Modality Emotionsb Control of Control of Individual







Matching Face Visual H 0.99*
Matching Face Visual F 0.92*





Naming Face Visual H 1.28
Naming Face Visual Sa 4.36*
Naming Face Visual F 2.40*
Naming Face Visual A 2.45
Naming Face Visual S 1.86







Naming Prosody Auditory H 1.19(?)
Naming Prosody Auditory Sa 0.89(?)
Naming Prosody Auditory F 0.66(?)
Naming Prosody Auditory A –0.01(?)






Discrimination Face Visual H S 0.16(?)
Discrimination Face Visual Sa F A D 1.36 (?) 0.58(?)
Discrimination Face Visual H F Sa D A S –0.26(?)
AD = 9
HOA = 10
Naming Face Visual H 0
Naming Face Visual N –0.24
Naming Face Visual S –0.62
Naming Face Visual Sa 0.33
Naming Face Visual D 0.24
Naming Face Visual F –0.19
Naming Face Visual A 0.5













Discrimination Face Visual H A S Sa F D No 1.58*
Discrimination Face Visual H A S Sa F D Yes 1.14*
Matching Face Visual H A S Sa F D No 1.67*
Matching Face Visual H A S Sa F D Yes 0.77*
Naming Face Visual H A S Sa F D No 1.34*





Naming Face Visual F Yes 0.76*
Naming Face Visual A Yes 0.58*
Naming Face Visual H Yes 0.54*
Naming Face Visual F Yes 0.66
Naming Face Visual A Yes 0.45





Naming Prosody Auditory A 0.06
Naming Prosody Auditory Sa 1.27*
Naming Prosody Auditory S 0.57
Naming Prosody Auditory H 0.68*
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Naming Face Visual A 0.30
Naming Face Visual H –0.20
Naming Face Visual N 0.66†
















F H Sa 0.47*
Naming Prosody Auditory H Sa A N 0.61
Naming Videotape Visual H Sa A N 0.64* 0.94* 1.23*
Naming Videotape Visual H 0.81*





Discrimination Face Visual A D F H Sa S C Yes 0.74
Discrimination Face Visual A Yes 0.50
Discrimination Face Visual D Yes 0.63
Discrimination Face Visual F Yes 0.60
Discrimination Face Visual H Yes 0.04
Discrimination Face Visual Sa Yes 0.57
Discrimination Face Visual S Yes 0.40
Discrimination Face Visual C Yes 0.78
Naming Face Visual A D F H Sa S C Yes 0.84, 1.31*
Naming Face Visual A Yes –0.11 0.29
Naming Face Visual D Yes 0.68 0.85
Naming Face Visual F Yes 0.86* 1.41*
Naming Face Visual H Yes 0.40 0.51
Naming Face Visual Sa Yes –0.06 0.54
Naming Face Visual S Yes 0.07 0.16











Discrimination Face Visual S F A D Sa No Yes 0.86*
Naming Face Visual H Sa A F D S N No Yes 1.26*
Naming Face Visual H No Yes 0.18 0.81*
Naming Face Visual Sa No Yes 0.77* 0.95*
Naming Face Visual A No Yes 0.84* 1.25*
Naming Face Visual D No Yes 0.04 0.89*
Naming Face Visual S No Yes 0.71* 1.05*





Elicitation Prosody Auditory S A Sa 0.18 1.27*
Naming Prosody Auditory S A Sa 0.56† 0.83*





Discrimination Face Visual H A Sa N No 0.64 0.15
Naming Face Visual H A Sa N No 1.21*







Visual A H Sa S No 1.71*
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Naming Face Visual H Sa A F D N No 1.39*
Naming Face Visual H No 0.70*
Naming Face Visual Sa No 0.83*
Naming Face Visual A No 0.89*
Naming Face Visual F No 0.86*
Naming Face Visual D No 0.59*





Naming Prosody Auditory A H Sa 0.48*





Naming Face Visual H No 0.12
Naming Face Visual N No 0.38







Auditory Sa H 0.71† 0.59
For a more convenient presentation, different effect sizes that share the same pattern of moderators within the same sample are presented
together. As a consequence, one raw (i.e., one pattern of moderators) can contain more than one effect size. HOA, Healthy Older Adults; AD,
Alzheimer’s disease patients; aWhen more than one task is indexed (e.g., Naming + Selection), it means that the effect size corresponds to the
average performance obtained on the tasks; bH, Happiness; Sa, Sadness; S, Surprise; C, Contempt; N, Neutral; A, Anger; D, Disgust; F, Fear;
cEffect sizes reported to be significant are indicated by an asterisk (*). Effect sizes reported to be marginally significant are labeled by this
symbol.† The effect size where no indication was provided in the original reference about the significance is labeled by this symbol(?). Reported
results that were stated “non-significant” are not labeled; dRefers to a study where independent groups of AD patients were compared with a
common group of HOA.
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2.  Annexe II: Détails des épreuves utilisées dans l’étude 1 
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2. 4.   Executive Functions 
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3.  Annexe III : Imagerie fonctionnelle par Résonance 
Magnétique : IRMf 
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4.  Annexe IV: Traitements des données IRMf 
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4. 1.   Transformations spatiales 
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4. 2.   Traitement statistique 
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4. 2. 2. Construction de la matrice de dessin du MLG en fonction du 
protocole expérimental et mise en correspondance avec les 
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4. 2. 3. Estimation des paramètres  du MLG en utilisant une approche 
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4. 2. 4. Production des cartes statistiques paramétriques (SPMs) et 
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5.  Annexe V : Tableaux des résultats issus de l’analyse 
statistique des données IRMf de l’étude 6 
$
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Contrastes Régions H AAL BA k x y z T 
 
Visages > Paysages + 
Images Brouillées 
Temporal moyen D Temporal_Mid_R 21 149 57 -58 6 8.28 
Temporal supérieur D Temporal_Sup_R 22 41 57 -41.8 13 5 
Gyrus fusiforme D Fusiform_R 37 13 43.5 -44.5 -25.5 5.73 
Hippocampe D Hippocampus_R 28 75 21.9 -6.7 -15 7.99 
Amygdale D Amygdala_R 34 23 24.6 -6.7 -11.5 6.09 
Amygdale G Amygdala_L 34 19 -21.30 -4 -15 6.67 
Hippocampe G Hippocampus_L 34 28 -18.6 -12.1 -15 5.39 
Temporal inférieur G Temporal_Inf_L 37 6 -42.9 -44.5 -25.5 5.25 
Gyrus fusiforme G Fusiform_L 37 10 -40.2 -44.5 -22 3.99 
Temporal supérieur G Temporal_Sup_L 22 2 -61.8 -52.6 16.5 4.75 
Lobule paracentral G Paracentral_Lobule_L 6 4 -2.4 -22.9 55 4.12 
Occipital Inférieur G Occipital_Inf_L 19 1 -48.3 -74.2 -4.5 4.01 
Occipital moyen G Occipital_Mid_L 37 7 -51 -68.8 -1 4.15 
 Cervelet G Cerebelum_Crus1_L  6 -45.6 -47.2 -29 5.32 
 Cervelet D Cerebelum_6_R  6 40.8 -44.5 -29 4.47 
 
Paysages + Images 



















Occipital inférieur G Occipital_Inf_L 18 18 -24 -93.1 -11.5 4.10 
Gyrus fusiforme G Fusiform_L 36 206 -24 -44.5 -15 8.10 
Gyrus fusiforme D Fusiform_R 37 241 21.9 -36.4 -18.5 7.66 
Gyrus parahippocampique D Parahippocampal_R 35 30 30 -36.4 -11.5 4.6 
Gyrus lingual D Lingual_R 18 200 11.1 -87.7 -11.5 6.88 
Occipital moyen D Occipital_Mid_R 19 205 30 -82.3 9.5 8.29 
Occipital Inférieur D Occipital_Inf_R 18 24 32.7 -87.7 -4.5 4.77 
Cuneus D Cuneus_R 7 15 11.1 -87.7 41 4.56 
Occipitial supérieur D Occipital_Sup_R 19 88 21.9 -87.7 34 4.5 
Fissure calcarine D Calcarine_R 17 68 16.5 -93.1 -1 7.25 
 Cervelet G Cerebelum_4_5_L  18 -18.6 -44.5 -18.5 4 








Contrastes Régions H AAL BA k x y z T 
Visages > Paysages 
+ Images Brouillées 
Précuneus D Precuneus_R 7 78 5.7 -68.8 30.5 8.51 
Précuneus G Precuneus_L 31 48 -2.4 -68.8 30.5 5.59 
Cuneus D Cuneus_R 7 27 5.7 -76.9 30.5 6.69 
Cuneus G Cuneus_L 7 24 0.3 -66.1 23.5 4.51 
Gyrus cingulaire moyen D Cingulum_Mid_R 23 35 0.3 -31 30.5 6.18 
Gyrus cingulaire moyen G Cingulum_Mid_L 23 9 0.3 -25.6 34 5.3 
Amygdale G Amygdala_L 34 7 -18.6 -6.7 -15 5.47 
Hippocampe G Hippocampus_L 28 12 -18.6 -12.1 -15 4.59 
Hippocampe D Hippocampus_R 28 6 24.6 -9.4 -11.5 4.45 
Amygdale D Amygdala_R 28 2 24.6 -6.7 -11.5 4.33 
Gyrus angulaire G Angular_L 39 5 -40.2 -55.3 30.5 4.15 
Temporal moyen D Temporal_Mid_R 22 48 54.3 -39.1 2.5 5.96 
Temporal supérieur D Temporal_Sup_R 13 41 51.6 -44.5 20 5.09 
Fusiforme  D Fusiform_R 37 8 43.5 -47.2 -22 6.57 
Temporal inférieur D Temporal_Inf_R 37 19 46.2 -44.5 -22 5.65 
 Fusiforme G Fusiform_L 37 15 -40.2 -68.8 -15 3.68** 
 
 





















Gyrus fusiforme G Fusiform_L 37 183 -26.7 -49.9 -15 13.08 
Occipital moyen D Occipital_Mid_R 19 99 30 -82.3 16.5 8.96 
Gyrus lingual D Lingual_R 18 172 13.8 -85 -8 8.54 
Fissure calcarine D Calcarine_R 18 70 11.1 -90.4 9.5 6.81 
Fissure calcarine G Calcarine_L 17 27 -2.4 -87.7 -1 4.3 
Gyrus lingual G Lingual_L 18 49 -7.8 -79.6 -11.5 4.57 
Occipital moyen G Occipital_Mid_L 19 137 -26.7 -87.7 13 9.87 
Pariétal supérieur G Parietal_Sup_L 7 55 -21.3 -74.2 41 5.9 
Pariétal supérieur D Parietal_Sup_R 7 40 24.6 -76.9 51.5 5.09 
Occipital supérieur D Occipital_Sup_R 19 25 24.6 -85 13 6.44 
Cuneus D Cuneus_R 7 9 21.9 -60.7 20 6.43 
Gyrus parahippocampique D ParaHippocampal_R 35 24 21.9 -41.8 -4.5 4.21 
 Cervelet G Cerebelum_6_L  50 -13.2 -76.9 -15 4.31 






Contrastes Régions H AAL BA k x y z T 
 
Jeunes > Âgés 
Opercule rolandique G Rolandic_Oper_L 43 5 -40.2 -17.5 20 2.71** 
Insula D Insula_R 38 7 46.2 4.1 -8 2.41** 
Gyrus postcentral G Postcentral_L 3 10 -42.9 -25.6 55 2.64** 
 

















Noyau caudé D Caudate_R  17 16.5 12.2 9.5 3.07 
Bulbe olfactif G Olfactory_L 25 2 -15.9 9.5 -15 3.12 
Cingulum antérieur D Cingulum_Ant_R 32 19 13.8 31.1 27 3.5 
Cingulum antérieur G Cingulum_Ant_L 32 5 -10.5 25.7 30.5 3.05 
Frontal moyen D Frontal_Mid_R 9 10 24.6 39.2 30.5 2.96 
Fusiforme G Fusiform_L 18 9 -24 -76.9 -15 3.32 
Précuneus G Precuneus_L 7 30 -7.8 -76.9 51.5 3.39 
Précuneus D Precuneus_R 7 24 11.1 -66.1 58.5 3.25 
Pariétal supérieur D Parietal_Sup_R 7 4 16.5 -66.1 58.5 2.89 
Cuneus D Cuneus_R 19 9 11.1 -85 34 3.22 
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Contrastes Régions H AAL BA k x y z T 
BFS peur – BFS 
neutre > HFS peur 
– HFS neutre 
Opercule rolandique D Rolandic_Oper_R 44 3 48.9 4.1 16.5 3.08 
Frontal inférieur (pars 
opercularis) 
D Frontal_Inf_Oper_R 44 2 48.9 4.1 20 2.65 
HFS peur – HFS 
neutre > BFS peur 
– BFS neutre 
Précentral G Precentral_L 6 5 -40.2 -12.1 51.5 3.20 
Postcentral G Postcentral_L 6 1 -40.2 -9.4 48 2.65 
Frontal moyen G Frontal_Mid_L 9 4 -48.3 25.7 41 2.98 
Précentral D Precentral_R 6 1 43.5 -12.1 37.5 2.87 
Cervelet D Cerebelum_6_R  4 11.1 -74.2 -22 2.99 
Cervelet D Cerebelum_Crus2_R  2 3 -82.3 -25.5 2.97 
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Contrastes Régions H AAL BA k x y z T 
Visages > Paysages 
+ Images 
Brouillées 
Fusiforme D Fusiform_R 19 10 38.1 -68.8 -18.5 4.30 
Cervelet D Cerebelum_6_R  3 38.1 -68.8 -22 3.39 
Occipital inférieur D Occipital_Inf_R 19 2 40.8 -68.8 -15 2.76** 
Fusiforme G Fusiform_L 19 24 -40.2 -66.1 -18.5 2.63*** 
Paysages + Images 
Brouillées > 
Visages 
Cervelet G Cerebelum_Crus1_L  4 -24 -82.3 -22 2.99** 





Contrastes Régions H AAL BA k x y z T 
BFS peur > 
HFS peur 
Frontal supérieur D Frontal_Sup_R 8 6 27.3 28.4 58.5 2.93 
Frontal moyen D Frontal_Mid_R 3 2 54.3 -12.1 51.5 2.49 
Gyrus postcentral D Postcentral_R 3 4 54.3 -17.5 51.5 2.45 
Lobule paracentral D Paracentral_Lobule_R 6 3 11.1 -31 51.5 2.51 
Cingulaire moyen D Cingulum_Mid_R 6 3 5.7 -31 51.5 2.09 
Gyrus postcentral D Postcentral_R 40 7 43.5 -31 51.5 2.51 
Précuneus D Precuneus_R 7 13 11.1 -74.2 48 2.49 
HFS peur > 
BFS peur 
Hippocampe D Hippocampus_R 35 1 19.2 -14.8 -15 2.75** 
Gyrus parahippocampique D Parahippocampal_R 35 3 19.2 -25.6 -15 2.45 
Frontal supérieur médian G Frontal_Sup_Medial_
L 
10 6 -7.8 52.7 16.5 2.51 
Opercule rolandique G Rolandic_Oper_L 43 4 -48.3 -17.5 13 2.56 
Précuneus G Precuneus_L 29 6 -7.8 -47.2 9.5 2.66 





Contrastes Régions H AAL BA k x y z T 
BFS peur – BFS neutre > 
HFS peur – HFS neutre 
Cervelet D Cerebelum_Crus2_R  3 46.2 -60.7 -43 2.43 
Cervelet D Cerebelum_Crus1_R  3 43.5 -63.4 -36 2.52 
HFS peur – HFS neutre > 
BFS peur – BFS neutre 
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